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ITEM 1
BEARING CAPACITY ANALYSIS

LANDFI LLS I & II

Pages 13A and 13B were added to this item in June 1986, Revision 2 of
this Application.
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60 65 705520 25 30 35 40 45 50
Standard Penetration Resistance, * in blows/ft.

• Number of blows of 14O-lb.pin-guided weight falling 30 in. per blow required to drive a split-barrel sample spoon with a 2-in. outside
diameter 12 in.
t Higher values may be used for precompressed (or compacted) clays of low sensitivity than for normally loaded or extra-sensitive clays.

15

FJO. 10-13. Presumptive bearing values, clays and mixed soils.
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b/13
TABLE 11·1

Homlnal Values of Allowable Bearing Pressures for Spread Foundations

Allowable bearin,
pressure

Consistency in
tons per sq ft

Type of bearing material place : Recom·
Ordinary mended
ran,e ulue

for use

Maui.,e crystalline iFeous and metamorphic rock: ,raDite, diorite, basalt, Hard, sOllDdrock 60 to 100 80
,neisa, thoroughly cemented con,lomerate (aound condition allows minor
cracks).

Foliated metamorphic rock: slate, schist (aound condition allows minor Mediumhard sound 30 to 40 35
cracks). rock

Sedimentary rock:' hard cemented shales, siltstone, sandstone, limestone Medium hard sound 15 to 25 20
without ca.,itiu. rock

Weathered or broken bed rock of any kind ncept hi,hly ar,illaceous rock Soh rock ~. 10

(shale).
Compaction shale or other highly argillaceous rock in sound condition ••••• Soft rock 8 to 12 10
Well graded mixture of fine and coarse grained soil: glacial till, hardpan, Very compacr 8 to 12 10
boulder clay (GW-GC,GC, SC).

Gra.,el, gra.,el-sand mixtures, bouldergra.,el mixtures (GW, GP, SW,SP) ••• Very compact 7 to 10 8
Medium to compact 5 to 7 6

Loose 3to6 "Coarse to medium sand, sand with little gra.,el (SW,SP) ••••••••••.••.••• Very compact " to 6 i "Medium to compact 3 to " I 3
Leese 2 to 3 2

Fine to medilllDsand, silty or clayey medium to coarse sand (SW, SM,SC) •• Very compact 3 to 5 3
Medium to compact 2 to " 2.5

Loose 1 to 2 1.5

Fine sand, silty or clayey mediwn to fine sand (SP, SM, SC)..•...••.•.••• Very compact 3 to "

I

3
Medium to compact 2 to 3 2

Loose 1 to 2 1.5
Homogeneous inorgaDic clay, sandy or .ilty clay (CL, CH) .•••••.•..••••• Very stiff to hard 3 to 6 "Medium to stiff ~ 2

Soft .5 to 1 .5
Inorganic silt, sandy or clayey silt, ul'Ied silt-clay-fine sand (ML, MH).•• Very stiff to hard 2 to 4 3

Medium to stiff 1 to 3 1.5
Soft .5 to 1 .5

Notes:
1. Variations of allowable bearin, pressure for size, depth and arrangement of footin,. are gi.,en in Table 11-2.
2. Compacted fill, placed with conuol of moisture, density, and lift thickness, has allowable bearing pressure of equi e-
al ent oatural soil.
3. Allowable bearin, pressure on compressible fine grained soils is ,enerally limited by considerations of overall set-
tlement of .ttucrure, Table 6-1.
4. Allowable bearin, pressure on oraanic soils or uncompacted fills is determined by investigation of individual case. -

compressibility of subsoils is constant with depth, analyze consolidation settlement of the entire

foundation.

S. PROPORT IOHING INDIVIDUAL FOOTINGS. Where significant compression will not occur in strata
below a depth equal to the distance between footings, proportion size of individual footings to give equal
settlement; use formulas for immediate settlement in Figures 11-8 and 11-9. Where significant consolida-
tion settlements may occur below this depth, select footing size on the basis of the safety factor against
ultimate failure as a first trial. Analyze overall consolidation settlements for the combined effect of
these individual footings. In this case, settlements are controlled by the combined stresses of all founda-
tion units and may be little affected by alteration of individual footing areas.

7-11-12

••JJ
•••••

, ••
•--•



I
t

7/1 3

116 FOUNDATION ANALYSIS AND DESIGN &,;/es
J
E,

Correlation between unconfined compressive strength and penetration number
of cohesive coils has also been published, as in Table 3-3. The indicated values of
unconfined compressive strength correlated to penetration number in Table 3-3
should be used cautiously, however. Experiences in different areas indicate that it
is not unusual to get penetration numbers of 6 to to on soils where the unconfined
compressive strength may be from 6 to 12 ksf, which is considerably different from
data shown in the table, where qu is approximately one-fourth of the penetration
number. A valid correlation between the penetration number and the shear strength

Table 3-3 Empirical values for qvt and consistency of
cohesive soils based on the standard penetration number

Consistency I Very soft I Soft I Medium I Stiff I Very stiff
i
Hard

I I -
qv, ksf 0 O.S 1.0 2.0 4.0 8.0
N, standard

I I I I Ipenetration
resistance 0 2 4 8 16 32

I'loalh per I 1~120 I 110-130 I 120-140-
t These values should be used as a guide only. Local cohesive samples should be tested, and the
relationship between N and the unconfined compressive strength q, established as q; = KN.

of cohesive (<Ire) soils can be made only on a local basis, and then the validity may
be suspect, unless large enough quantities of tests are made to allow a statistical
analysis.

In general, to correlate penetration number to the shear strength of a cohesive
(eP-e) soil involves evaluating the following expression for the constant of propor-
tionality:

qu = KN (3-4)

where K = proportionality constant
N = penetration number

The penetration test applied to gravel or gravelly soils and silty sands yields
results which require careful interpretation. In loose gravel the voids formed when
the gravel is displaced by the driving shoe of the split spoon may yield low penetration
numbers. On the other hand, if the spoon pushes a large piece of rock, the number
may be too high.

In silty sands, Meyerhof [9] suggests that the bearing capacity be reduced 50
percent [using Eqs. (2-20) and (2-21)]. For gravel the bearing capacity computed by
these methods should be increased by a factor of 2.0. Terzaghi and Peck [to] have
recommended that if the soil is a very fine, or silty, saturated sand and if the measured
penetration number N is greater than 15, an adjusted design value of N' be used, as

N' = 15 + Y2(N - 15)

This was based on the assumption that the critical void ratio occurs at approximately

(3-5)
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:rABLE 9-1
Typical Properties of Compacted Materials

--.I

~
N

Typical value of Typical sueo8th characleristic.
ccmpre •• ion

RanlC' of Ran8e of
Typical

Ranle of

Group
maKimum optimum AI I. \ A. }.6

coefficient of Ran,e of
aub •• ade

Soil type dry unit Cohesion 4>(Effectiwe modulua

aymbol moislure, ,sf ,sf Cohesion per.eabil i.y CBR yaluea

weiSh', f20 pSI) I'SO pa;i)
(a. com- (sa.ura.ed)

sue •• Tan 4> f./min.
k

I'd
percent pac.ed) enwelope) Ib,cu a•.

perceat of ori,inal
psf

psf
deareea

hei,h.

G1' Well 8raded clean gravels, 12~ - 135 11 - 8 O.} 0.6 0 0 >}8 >0.79 5 • 10-1 40 - 80 WO - 500

gr. vel-aend mlJnurea.
GP Poorly 8raded clean ,rave", 115 - In l~ - I I 0.4 0.9 0 0 >37 >0.7~ 10-1 }O - 60 250 - 400

gfavel- •• nd mix.
GM Silry Iranla, poorly 8raded 120 - 135 12 - 8 O.~ 1.1 , ......... .......... >H >0.67 > 10-6 20 - 60 100 - 400

8ra vel- •• nd-sih.
GC Clayey ,ranis, poorly graded 115 - 130 I~ - 9 0.7 1.6 .......... .......... > }I >0.60 > 10-7 20 - 40 100 - }OO

gravel-sand-clay.
SW Well scaded clean aanda, SCaveily 110 - 130 16 - 9 0.6 1.2 0 0 38 0.79 > 10-3 20 - 40 200 - 300

•• nd •.
SP Poorly 'faded clean •• nds, 100 - 120 21 - 12 0.8 1.4 0 0 37 0.74 >10-3 10 - 40 200 - WO

sand-Ira vel mi:!..
SM Silty unda, poorly ,eaded sand- 110 - 125 16 - I I 0.8 1.6 1050 ~20 }~ 0.67 5 • 10-S 10 - 40 100 - 300

.ilt mi •.
SM-SC Sand-ailt clay mix with sli8hdy 110 - 130 15 - 11 0.8 I.~ 1050 }OO H 0.66 2' 10-6 ...........

pl •• tic fines.
SC Clayey aaods, poorly ,raded 105 - 125 19 - 11 1.1 2.2 1550 no }I 0.60 5' 10-7 5 - 20 100 - 300

sand-clay mis::.
ML lnor,aDic .ilts and clayey .iI.a . 95 - 120 2~ - 12 0.9 1.7 1400 190 }2 0.62 10-S 15 or leu 100 - 200

ML-CL Mixture of inocsanic .ill aod clay 100 - 120 22-12 1.0 2.2 1350 460 32 0.62 5' 10-7 ...........

CL looraanic claya of low to med. 95 - 120 2~ - 12 r.s 2.5 1800 270 28 0.54 10.7 15 or Ie •• 50 - 200

pla.rieity.
OL Or8aruc .ill. and ailt-days, low BO - 100 n - 21 ........ ........ .......... .......... .......... ..... ............ 5 or le •• 50 - 100

pla.ticily. 710 .---
MH Inor,aDie clayey ailla. elaslic 70 - 95 40 - 2~ 2.0 3.8 1500 25 0.47 5' 10-7 10 or Ie •• 50 - 100

.Hu.
CH !nor,aDic claya of hi,h pla •• ici.y 75 - 105 36 - 19 2_6 3-9 2150 .~~.... ...•. 9....

0.35 10-7 15 or leu 50 - 150

OH Or,aDie clays and .ihy claya ... 65 - 100 45 - 21 ........ ........ .......... ..... ............ 5 or Ie •• n - 100

Ave.:= ~·2.'S' i- '2'20
NOles:
1. All propeniea are for condition of -alandard Pecctoe" ma.,irnum 3. Cotaptession value. ale (Of vettlcal lo.din •• ilh ca-pl~le lalelal

deooilY, excepe Ylluu of k and CBR which are for "modified coofinemenl.

Procror" maximum denailY· 4. (» indica •••• tha. rypical properlY ia ,rea.er Iban .be value SbOWD.

2. Typical atten,lh char.cleriarica are for effective ItfeDllh envelopes ( ... ) indicaces insufficicnl dau available (or aa e sei••ee .

aod are obtained from USBR da.a.
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<;~7 Z:x. z.
Gundle Fusion Welding: the process which consistently
gives you seams strong and as durable as the sheet.

Until now, the most failure-prone part of
flexible membrane liners has been the
seam. Various bonding methods have
been used, but none could produce a
seam that would withstand as much
physical stress and weathering as the
sheet itself. Now Gundle has the answer:
Guridle Fusion Welding ... a patented,
field-applied process. Its effectiveness
has been proven repeatedly in rigorous
laboratory tests and in successful field
applications worldwide.
For more detailed information request
a copy of our Gundline8 Flexible
Membrane Uning Systems brochure.

1 Easy to handle
lightweight machine
with automatic rod
feed. There is no
bothersome granule
feed to restrict angle
of usage. Unit makes
vertical as well as
horizontal welds.

3 Gundle's uniqu.
welding method dy-
namically integrates
the sheets. It creates
a fusion weld using
welding rod of the
same material as the
sheet itself. This me-
chanical integration
of the sheets eliminates
any boundary layers
that would be weak
and subject to failure.
The system uses no
foreign solvents or
adhesives which can
degenerate over time.

2 Extruder electronic
controls automatically
assure correct weki-
ing conditions.

SPECIFICATIONS

PROPERTY TEST METHOD GAUGE(NOMINAL)

20 Mil 30 Mil 40 Mil 60 Mil 80 Mil 100 Mil

Density (g/cc) (Minimum) ASTM 01505 0.94 0.94 0.94 0.94 0.94 0.94

Minimum Tensile Properties ASTM 0638 Type IV I(Each direction) Dumb-bell at 2 ipm.
1. Tensile Strength at Break 80 120 160 240 320 400

(Pounds/inch width)
2. Tensile Strength at Yield 50 70 95 140 190 240 I(pounds/inch width)
3. Elongation at Break 700 700 700 700 700 700

(Percent)
4. Elongation at Yield 13 13 13 13 13 13

(Percent)
5. Modulus of Elasticity ASTM 0882 110,000 110,000 110,000 110,000 110,000 110,000

(Pounds/square inch)

Tear Resistance Initiation ASTM 01004 Die C 15 22 30 45 60 75

(Pounds minimum)

Low Temperature ASTM 0746 Procedure B -40°F -40°F -40°F -40°F -40°F -40°F

Dimensional Stability ASTM 01204 :!:2 :!:2 :!:2 :!:2 :!:2 :!:2

(Each direction, percent 212°F 1hr.
change maximum) tVolatile Loss ASTM 01203 Method A 0.1 0.1 0.1 0.1 0.1 0.1

(Maximum %)

Environmental Stress Crack ASTM 01693 750 750 750 750 750 750 r(Minimum hours)
,
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_____ :S1-g.Pf"_~LA.S'-Ll~'1~~"Jt1j ~L$_ LA_tjJ~81:.1.j.__ - --- --- - -- - - --- ---

---------------
?RO~U::I"\ STPtTcJll\E"Nr

\)e-telfY\i'l'le~e. .do.b'\\·1'f c-\- 'CVld-CI'\\ 1..

R \:.t=t~l:NLES

I} S, e~e\) KonCl\6. A. ) -STABL User MCd1VO- \ ...) \-\R? - f 5-'\ Bo~f'c\- /VD.c- '3b-3t.,~ ~i\e No. ~-I4"\\ ,'?urDue LJnruer.srty QAd -the 7I10,-ono", I
s,1-o:\e \-'\1'Cjl-tvJ0'f (O/YIN.I"SS I'DI1 ) Jvne "2..(0) \",6

"2.) \=" RE"D(. WART arQ\.")I~j l)uM~r-r ~5\\ c-l\3 of)d l3.S\I/?-L\3.

S~l.VT'ON
• je+~rf<' "lie -+(1)e. mos+- pfOt-C,StE.. IOcc.-+lbA-G:,r 0.. Cf"lrccJ potel\.l.,·C\.1 .('c.,/ure su/.r':,.c e.

,r, \ and, i\\\S" I o.no. '"Z..

-r-he \OCo.~\·OI\o~ the. cn1"cd P.'~A\'c,J~t\ure. ~urCo.(e.. \,VOuld l'l1os+protu 6';
oce')' Soulh o~ \-0rd~ r\ \ \ • L(';{"l()'{\\~ \. T C()/lrl'delFCi, f?ore c.rl·+''Cc-1 ~r()/Y\

o.,S-tCAbr1rL( .s.+c""d~,~tSM(e.. +he.. helJhtof- re\vre pbcefr1€1)+,-r i]"j/)f'f.
+~Of' ~'" LOl\d-\, \ \ "2.lhe wor.n- C(ASe. ~or Lc.rcl-\\'\ \ \ l'~ .sec,Al·on c- c.. ()()
drCXI.A.J1',,'J \55\\r-L)"3 i", p'\ar, c;..~ f{'\ .secJl'ol) ol)c!rc.wMCj 8SJlE-C2.3 •
.~e.. wor..s+ cc~S"e -\01 S~c..~fbl1 C--C, tr (,Nhel' St(\~e z. hCA~ Df>e/'l (()/"1p1e+ed
c~nd ~\r,e r~~v.se \~ 0+ f'vlOX: ;/l'IvfY\ ~e,.~J-+. ()LMp.['tll l~ec~/'ol') (- c
S1CAOIe"'2.. r ~ ~he/'l lhe VJC,S+ Co.S€ .•.or ..•..t,UI'ICC,4\·o.\ .:ic.b;/1f.1 ercoun+-
ere"t 6Vf\'()~ 4.~e. II'~ e ct- lhe .s;4-.rvc..Lvre•

1 \ 'P") 1. I .• C\.ss~~.Y')op~lOpriC\'ie SO'~ ~~r()MEl_-e~ ;).0'(' -Y'Ie .s.oce s ::,:,1, ..•.,/ ').It)'-jS;';-

().(\O C~--+errY\\'I\€. bO\Jl"Iclc..r·e r .•I"'io!' ;"i")~ :J ...•.,,{~f\~ ~O. \ ?C-r~NOl?r:

Sf)\\ z.oJ)o.lI',)f'I(bDUIiO.')\l"e:) ,)re, o.s ~}\rve'\ r;-fl pc·~ €S (0)/,) ev.d .8.
So,\ "s'"te"'~+h c»r~. (\">e,."'er-r ore (a".:-e.r·Jo""""p ('Y''::''·:Jer;'.,\ +rv:....•~('.C? ·/J(·'""'r
..L \_ ' ,\ '\ ") oJ\o..Dh:6.~?+ \~ '..;P'"")',J yo..•.e"....··o.' ((' •...l;r:r·l -0 "'),e. ~')\-O(e=) 'y.r~II~~ -'--r-

u¥)dro·rpo-t('.s1-\E'':'\J\~:f')rr' r')i'I::-.c',·.;,- .Jf2 Sit;ce. -,·c:.lcl{ci.('·· .. vJt\· 001 ~e
t\\fG r,,0(i.(\1.c..l'leouS"~ ~ou~c:-\.)erc- (pr\'D6 Df 1i['Y'l(2. heN€. 0.. \JcJx. D-C ¢-:::..Z'Z°
\ S ("tore ~)P9roP('\o.:;,-e ~Of) o,« U/'\ (0(1 $"0 Ldc,:+eo Vl'ldl'lAiflf'c\ VcJue. 1:\2 ¢-:. 3.. "2.0

.r01 lee 0 ""po.c.+ed c 10.'('
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BLR(~ DATE k'_(_~l8b__
CHK·D_@YI...~ DATE ~I-~f"'(~~_

FRED C. HART ASSOCIATES, INC.
SHEET ~

_~_oF3]_~

SUBJECT __ 'PJ<..9.1~~Q.. - -- JOB NO, Ql~L:fP.::B2cQ.-z...:.~7

______~~~~~~~lUI~~~~~~~-kA~~~~~-----------------------
-----------------------------------

Soi\ -z.ono..-\ro(\ boUflOc,r<es- {C'C use il' .l~e. ~i~3L 3. (0'1"ev1f'1
O/W' \,ciS ')iE' 0. ") '2;1v<?1'0 or; po.c:;es~q7 c.l'lCI i'jE'i~ deieffYI'l'ec ~""I use.
c.~ SPctrol'o C-C 01'1 orovJ:('~ ~Sllf-L"'2..3. A de-\-()'\ 0'£ +he.. 11'I\er
s:.\j.s-\.efY\ (S' .snow/") 01"1 po~e e . f:Cf" rurpor-e.r 02 (of""ov+ef G/lC\' /:1)'
,cwI t.1cc1elr":J\} I~()erMD.+~rro.\.s-~HD?C \"I\er CV1c\ jeo-Cc.,Srrc.) VJere divided
\\ {\ order to t'fo~,de.Of' O-CCUID.1e.. f\1ocJe..1 +hA+ would 0((01.11\+ ~r d,...:r~rt'/\+
~+fef\~+h ~orc.(\I,e+err, t.e. I-\~'?t \It('ler wrll", .svrd. o.~ve ol'd (prcJYlpo.c+ed
c\~ \':'eloVJ fe!)v're.r- 'Z.. O\'~C"f6'\+ s+r~#' pc.fOMe.+err.
\he o.s.su""1e~ 50;' pCl1"0Me+e,l o.re. o.s ~\\owr.:

i<e~use. : 0= -:3D0
) C.':; 0 )' ~~ 100 tx:4 (So,,1 '''Iy>e No.1)

ASSVfhl'nfj o, \)cJve o~ z.ere .\!orcJ.,e~o" !S Cr.Joo':HVO+itJe.._

A .\.rl'c.-+"OI"\ o.0~Ie o~ 30" is' U5ed be\see ell' +he.. ~Vf€ 0.£1 re.J'\;re,
'KeSvse f)~!?' (0,1'" ,:f'1durtrtc..l wo.de. ) S+c..b.t keed ind udno.l
wo.S'te. , -\'L, o.sh b"f'I dvs+) ~ I,~es~e... 7he o~)V/VIed v~lve.
()~ 50'" rs ~here-Co{e. c0f'1rerUc.11ve.. A ~r,'d"el.f) o,,~I~ (y~ 2",5°
WO'r used I" C.ose~ \~()I)d I~.'~e vc,\ue v.)O~ Db~c.l'l'\ec! by
1j~"f'1j ~he e1 ~c' -t"()I) E S'..~ +001\ ¢'/ ~o.f) f5 ( p.5LJ21 Perlo1+' CKlO

lSo.rof'l) Sod 'Mec.honrcr). A ~+or o~ .sc;.~f'~'f')~ I,S o.M ~

slope ~y~\V :.3\-\ W()~ us-ed M o~der+o ~f<1d CP. -A LJ.f)I+ wertld
dt \00 ?c-\2 lIJOr v.red bra fHo (\~e (\.k:thve. A UI)r1 0+ 50 pc:.f!
'vJO.S ure6 tl'l LCd-e...s. ''2. orO 14}I) o(der- -to see whc..+ ol)1ec+
\()V!ef' Ul'llt- wer~h+ wcu1d hut..€... oe-, +he .r+C.~II.'~,(o~ Jhe slope,

\Jro-tec-tive c~er- MCA.~frl>-.\! d~,300
) (':=01 '5-=\"2.0 rx:~(Sod "tre ;1/0. '2)

lhe pro+edive.. (r-ver r'V)O-~E'rl'/A\ r.r ~CWJ I I) If''r4 :'VI C<1~ Ie o-r so· IJ
-ht?'COJ -Cor 0. \M'U~C)rvded r~. A v/\ d wf','~ h+ of '70 pc": ir

0-,1 ru tj j:ol'co.\ .• m..1h rctl)err or lllC ~~:"" or ,> I .fuo-t.

Nol'1- 'NOvef\ J€",.i..p )(+\' Ie .c.:.~rrc.. !0: z.~ 0) c= 0) 'f-: 140 pc.c ( So· \-~/;:e
No.3)
S i,lCe. +he 'j€o4ex+,-le. 1'0 Dr"c. rf-sc«!,~rch('d k~VJf'e", -fWD

S'.c.-.o \0'1er) Ii- rs not d i'vI'ckd. A rr"C"'l'i)1'I ~o, Ie o.r Z" 0

'S COf'!)Sf'C\Jc-.tiVe.. c Ol'\Sfde r\'I'~ scnG :,J"l h c- f/J -=- -10001'0 c:z." 00
~,,.,o"""""\:rr."e..(sl'f" ~e q l, 1),(,,1 ,ve'~ h+ ',o.::<;J/'VleC'.
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BY_ j~~~ ___ DATE _~L(~}3_~__ , FRED C. HART ASSOCIATES, me,
SHEET II

_~_oF.Jl_~
CHK'D_~~ DATE _bL~(~~_
SUBJECT _ ~1~c...9 - _- - JOB No91$Jl-1O-.:~.fO.1,:PJ
______S.~Y('_S5B~~J'I'{)JI}jtt'l~J~_lA.1Yl?EIJ:~i:.~ --------- - - ------

-------------------------------------
f-jD?f. / SC\lld ifyter+o-c.e: (/)::.\60) c. -::.0 )~:::\40 pc.~ (~or IT--/peNos.

40rcl s)
~e. ~\D?f Is ().tld(~ +eftlAC.e. E(I't--+ \'t::- C.flS,~ C"~ 18 Q ~•.Jc,. r
'-',)rJ,\C"C' "I')(V\ f'/JC-i~i" ,I(oer(wr) 0rG W~""J lTrr4p(I')C".+J'cY)o.J
Cr:'f'lCne()ce. C{\ bp()",,~r..-t:lro.oer-) \=>c>~e lQ"3. SPE 00<:\'2. 9 .
T"e.. ? ~\e. G'S$v~ef .;:.c.-,(, .•.);~'" c-. ~r c::..t'o/\ '':''''q \(' oj 30Qar.d
\-lD?£' c €ofVIe.M:::'rc;..A€. • U".+ v.JffSh+ IS 0 :r'j.iv'EC _

Reco{VI~c.c.+ed cl:J V(~\ :u't.'CJfode. ': ¢-:. 2:2. 0) C=- ::'Z5 ps'\\ 't: \25 \,c.~
lSOl \ "\ye Nos. bore')

!he -t'lPICa.! sv6;:~/o-de ,fv1c.{prrcd rs an !/)orfjOt)I'C- de,,! Vvl'.j~

;v:)V\ ;::.\t:,:-4"c~.l'f ((~;. "(peG\.\ Prof'E'rtrer r! (OMoQcJed
M(A~{,l'dS" ,Ia-'ble. q-I) S(OM NAVFAC WO~ U)'C:cY 1/\ ordf'r +0
"J. :;.!\'~,/\ .: \r(,N,l~ Vc'\,Je(. The vve{C\c..e o~ JAe JI1H Ct<J (/-I .fO"/

~\I~ .s+re~~ o().rc..""e~ were ~red I"J uf0er .J.,:) be (O'lfPrvo~/ve.

See ?O'je. \0 , N,.,+e l.ho..+ \he. ,:J rpr~r~'" po/-;'f"'eJerr o..ssf':f'p;;/
~or Cc-ses \-'3 (or So,,\ T'I~S- b c.v-6 -, ore. {'Io:"" o.s ~lve"
c.l~ve J however ,('\0 po+enii<A\ crd-fc.o..\ -\?o.~\I.lfe. circles ~s)ed
lhrou~h .•..Y"es-e sor ' r .

• cQ(lsfder .rc\~\'){'e.r .lhrou~k lhe f'e~vre I o\O()~ wen"- plc,Mr /,...,.J,~e /,~~er r,(s.J,.,V) 1/td
, 6E€,?SC.('.rq- i\"fovc.,,~ ~he. svb<Aro-OE'. o.\s-o co".rl'der-lheo.~ec.-+) o~ J

e c,d I.) C'I,. vC\'Ce. Ioo-c.:."I ~ ) c,hc.Afj~ I'r-; ~l\)re IJ(\ -+ Vvel!j ht we .rrrc.~"o."I :)/1:3 Ie

Co.se 1:Case \ CO~I'dE'rr ~h'Z )\I)p€- 'J-jt+h $:i' +re
n;"r \Jre ~c . ...;e..\'4f') !.o'" I}t)d I'j t,.f' 't,' r~1'\ ter. 0or-
1'701')t~\~c,r~hq (Jc\~ C Of O""C ifl\t) o.'\-{ ) (y~ o. IS f~('e..
F~e.s..\\-thl1).I.0~\4 . A crrl\'co.l fn"lure.. ::'vr-\'t?
:::,pc.rc.'v~ (,'e1Y'lQ'.i .,)" u ~-d /,...,lhe S.TASi 3 p1cc.,rc., •••••

';.r ",\ I ,c ;t vdA fv\i/l'{T\UM C<L.-rJi' 0- :;c. ..•.e.,j 0 \,,\1"l WoS' 40,)"', ,

No+e. .l.nc..+/Mparec ' ',.,.;t~~"r):)7'')/'1 ;-u,....\.e
"f¥'E'fP-':>1' ('Y':-4c,'/\f>C lne c/'':''t.:-.l :-.•.('·'c,·e.~{'c
-:'""r"\'C0,\ ':'1,r.tC't~ "<: '::--:>w-. ', ':4=C~' v~ ~/\ ;-:-I-·e l4-.

"
C~1e "2.: Cose ? c,l"o;",:{Jrr l.,y ;')pe I-vrth c;, o~hl2.

fe~vse ec;Vo.\ ~o Z.o"'.The 0r~SV.MPC, ~f\c+roA. ,

O(lC)'e. r s Ve'\\j c()o1~5erU?,tlJ~ c.rG 'N(1)' '''JE'~~r:J(''''f''
'I' Of~er +0 SR2. ~+-~oc.+Or o~ SC\f~f (.,../OUi'

(C'r-v1t. A cn~rco.\ i'c"\.Jre SUrfl\'e... .;por(h."'j '''''('~'''',X:,

'/)(\<: I)!I"'O 'I":..r-e SiA8L3 pf0:JrC.I'-,. P fl')"I'I/IY1J/Y\

~C-C.4-ofo~ ~~€-+i o~ \llb5 1,'jD S l<"v/..t •. VO..!E' ~/'~...:..
\ ' f'I I I·

fi'~'!?oS'P6 //1'-'1'10" "o"r 'V' svt+:« ('o.,MPrc" '~I' :· .•..' ••c·,··,"'c
.l.Y-,e crl-!,·cc.,1 svr{o.ce ."The c..rrhuJ\\ .•..svri'Dce r r ;"')wl) ;,.,

5ec.-\,' 01'1 0" p<:>.o..e. l4 .
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FRED C. HART ASSOCIATES, mc.
SHEET ~

_1_0F3.]_~BLR~~ DATE J~~~~L~?__
CHK'D_~~ DATE ~-L~gf:._

SUBJECT __ ~~f~~ JOB No,Q'-~'l~~1- _
______~1~~c_~'I~'Sl'~\=i}lJ~~~~~ ~~~~~ k-f..._~ _

-------------------------------------------------------
Co.se 3~Co.se.. '3 tr ;df'r'\+\to.\~o Cost!. \ ~1cep+ .).hc.f

n,.., eo.r.\..I'I""J(\~e. loe-a IS' 1·1""~o.fod',)lld .•.J...e- / r ...
S-elJ!"t," . AM .••. " ""Of'~ c, roe f6.i.. ..ll'l~ ~'I'''e. ,4,.... .r ". " i'
fY!,',\,r"J'V'I "",c"t"r 1'\ .::.c.·'('~/""""1.82? '\.}C''; ·oVlld.

c f) !:.E'~ 4 - \4 consl'c.\fr tt.\''')rC?f' l,.r"l'Jr:-iJ -I'~ rr -·:r·\p~(-eo'
v

C.1C)\.i) ,:v~.:.rvoe."I c.riJ ~'\('~ -Lhlt A)€p~ 70fle

1'1\ the [,Vle.r s'fs-+ef11. A\ ro CoI1S\'dpted ore c../.,;.'~\~i
11_ •... ~ ! f'\ I •••

1'(\ Tr)e ('r.t'JS€ VII' t..R'c..~"'" r"y) ~ fll:..-'".:vI I),..•., '€ •
•..• • ("\,.J ., t •'""fr1v.\ "c. '\'Jre SVr~l)ce\ t).re CI.':" .rppc ,...•"."r:.•

C~.:e 4 cor.: ..den- ll"'e -:'\')p€ ''u'':''r- ('\0 ec.r"'''j oic.ke
\DCoC .:, "\ .1; :l n?~"')S\:=c.,« \ 10 "300) j 0.£ C;) I
, ...; I ! 0 - r- \ I J\ ') I~ \!" e~va.· "'0 -zG. ) C. 0....•c.o-~ 'O'f el r e.~vI>.. TO

'3"2.5 p~~. Tne ~v":'Jre en Ie. '/lor ~{)(toc"jh{o~h
~V'€ (10'1 10 I€.r~.l},e ro.c..torJ' sv.~('t.,'...;vr
~f'lV''() ~ be. '2.08Z. :f'C f{\ ':/'':" \q~ GO.
Co:e 50 ,'S" +he.. .$C~ CH- (c.se 4 evcc<~;" :I'c..+ -lhe
.f<>,":Jf(2 c\rt..'€. I.vOS 4,1(){(aj ~i"lfo~h .~I'\Q jJ(''')', -:!'D,.'e

~ ~he.. \"f\er S'-,.• .1.e"" :"'Ji')l're..,¢: /8°_.., :.ee pO~Jes
c\ Ono (,'1... • ,he ~O(.j..o' '::"~$.C\ .• ~., '}.J(;.:: -r·,,·Y. -'1 ze
\ t 8'12..

Co.,Se. 4 !

S".ICe.l"e ~o.c..~r o~ ~c\~EA'f dfCreClif'd ...•hEJ) 0..

~Cdl\U~e. \:>b("\e. w().!' ..corted C',I1unj lJ,e bo~OI\-1 o.i J"'e
\\IMr f\{:1€"", 0.. ~f'C()"O '){lc.i.,{~l'rwo.r (cl'(.ivcee/
?l\ow\'(\j .lhe. ..fOI"Jf'e.. ~lcl1e ..:':) po;~ J Y" -v-c
'"or ='1~ P(\o'\ 'Yl .!i'le ,',~.fE'i"""" bel'f¥1. Co re.- " "so

+he s.+o..+"c..cc,S'e. ',.lJ,':"'t-. o ..c"c.lor'; s ....:,.~ of ,
L72<o.CQse I fsl)"e d'II)GM1c.. core C,?o{~rl'"p:'r
\ood ifl~)Lvrtl, C\ rOC+OI ~~, ::-cX plf o-t- t- tz q. ,:
See ?o.~es: 'Z.~) 2.4 I CIrlct Z 5.

Co.ses84Q: Co-se I it .\..he (\10s+ cr~.\i·r:c:1 ro sc _'", c.~A:;r~
4-throUJht. Cose" w().:;1"Jr1I'}er '~Je:-':'-l'~.o...l.ed
~ .£ \. I' ,,"'"o see, r (\1Wf(~~ 4 "e. ~~'''~ ',v" ere ":'hE:'..Ie.' "Jre
s.\Jr~l(~., F>{\)\XA~ D-+ed V,?l/I.hrrJ {rOM 4 he /IAer ~'I r+eM
w~)' ,'i'\ .\.h€.. c.ni I'ec \ ,·...co ~ .'ry. . I(l rpec.. 4,.cyj o~
Co_~e) 6 CAd C\, show .).h""T Co.re "t ;.t More cr+«:'.
-3~ t»-~er 'Z.G, ,V IG 8 I C\r0 'Z.q(



FRED C. HART ASSOCIATf:S. mc.
SHEET ~

_~_OF_-5J_~
ByJ;S~~ DATE _~1-zsL~%?__
CHK'D __'1~~ DATE _0..J:z.rrOC_

SUBJECT _S?~~I('c.:~.. JOB NoOl~!:..~-'§~~~'
_____51Q~_~~§&ITj~~~11If~_0t~f~~1 '
-------------------------------------------------------

CCAse~\O~\\: Coses- to~ \\ E:ft1p)o--t. the so.o-e. ro+m/)ale
().r Cc.se r 6 ord q e)(CepT the POI't\-t where ~he-"0.' \v(€.. s;ur..('o.ce.. ~ rMil\o.+e.s 0.+ the r<?~vre sur-4'o..ce
vs t"vem-c.. c..ted ...r~rpeC:+I'oll- of Coses 10 0I'(j ff
'~hOWt-hlA~C~:~ ., r s r-ere, c..rd·rcc~1.~€e fD'-Cj es:
'30,3\ )or<!! ::;Z,

Co-se \(.: C ()se 1'2.. COr" srcers +he a,..~:~c.+ o~ 0.. lOL<.-ef fe'tv~
V/\ft ~fS~1- 01\ .s.tc..b"\(~io Co.re 12.. 'IS" +he S'~fr'e or
CC\>eI e)(cepi- .thc..+1k fe~vre. L.o'1'+ 1Ne,'3J-.+ rs: 50pc~.
"The -tc-dor ~ so.£e4y WeAS"~vtd .fo le. /.2.02.. See. p:Ajef

'37:> o.J 3ij.

Co..,Ses,\3~\4 -.Co.se 13 COf'syderr lhe sl~ \..VI;')., re!:vre.. fr,'d,'ol'
0I'~le o~ ZCo. So ~ re-Cuse VA i-T IA..e 1''J~t D~ /00 p:-t/
&,\\ ot~E'r f::Oro(V1e-terr -tY-e ~Of'l"e o -: ,'" (CAre f. The.
{o.c.-tor o~ ~()..~iiIAJar +ov-xJ.Jo be /.088. Cose 14
t s r-QE'(\~'co..\+o UJ.!:e.. \3, eicef+-U-.c.++he ';{ivre.
VIlIt lM?i~M- ts: Sa ?c~.lhe o.c+Or o~ lcr-e-+y
WDS -+ouAd4.a be \.\41. See pO-CjeS-3\3b,Or631,

C.ONCLUSION

\),he s€<;:.-non consrdered r ~ +he M oS+- crr+rcc..\ co/)nder"l1~l re-{'ure
'0 e f~ ~t cv'C ,sJo.~ l'n'j' v

7.') The c rr-hcpJ pO-+E'rrtrO-l .0u;/ure svr.f()ce IS u svr.cc1ce po s )1;')~1 JI)(()Vj;"

.t-~e .s.o.(\OI ~DPt ltl\er illfe(-to.ce.

-:sf The .coc...-kr o..QS(}~~,{ fllcfe(),res- wi};'" tocteo ses: f'" fe...."vre: ulil1 1A.Je''jAf,
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BOUNDARY COORDINATES 0/37
7 TOP BOUNDARIES

89 TOTAL BOUNDARIES

DOUNDA~:Y X-"LEFT Y--'LEFT X--F~IGHT Y-~:IGHT SOIL TYF'E
NO. (FT) (FT) (FT) (FT) BELOW BND

1 .00 31.04 116.00 32.04 2
.-, 116.00 32.04 143.00 40.04 2..::.
~, 143.00 40.04 153.00 40.04 .-,
,;j ..::.

4 153.00 40.04 1'38.00 53.00 1
5 1'38.00 53.00 345.00 103.10 1
6 345.00 103.10 440.00 123.00 1
7 440.00 123.00 543.00 109.00 1
8 153.00 40.04 191.00 28.04 ....,..::.
'3 1'31.00 28.04 224.00 27.04 2

10 224.00 27.04 388.00 28.04 2
11 388.00 28.04 415.00 37.04 2
12 415.00 37.04 426.00 37.04 2
13 426.00 37.04 460.00 27.04 2
14 460.00 27.04 543.00 27.04 .-...::.

15 .00 30.04 116.00 31.04 3
16 116.00 31.04 143.00 3'3.04 3
:1.7 143.00 3'3.04 153.00 3'3.04 3
18 153.00 3'3.04 1'31.00 27.04 3
1'3 1'31.00 27.04 224.00 26.04 3
20 224.00 26.04 388.00 27.04 .-,

,;j

21 388.00 27.04 415.00 36.04 3
22 415.00 36.04 426.00 36.04 3
'-I~ 426.00 36.04 460.00 26.04 .-....::..=. .=.

24 460.00 26.04 543.00 26.04 3
.-.IC:'" .00 30.02 116.00 31.02 .-,
,::',J L

26 116.00 31.02 143.00 3'3.02 ~"2
27 143.00 39.02 153.00 39.02 2
28 153.00 3'3. ()2 1'31.00 27.02 2
2'3 1'31.00 27.02 224.00 26.02 2
30 224.00 :26.02 388.00 27.02 :2
31 388.00 27.02 415.00 36.02 L~
'~'-I 415.00 36.02 426.00 36. ()2 :2..:J.!..
r •••_. 426.00 36.02 460.00 26. ()2 2,;j~

34 460.00 26.02 543.00 26.02 ...•.,..::.
.-,,:. .00 28.52 116.00 2'3.52 4";:',J

36 116.00 2'3.52 143.00 37.52 .:+
37 143.00 37.52 153.00 37.52 4
38 153.00 37.52 1'31.00 '-.e" C"'-' 4..:.......J • ..:.J.::

39 1'31.00 25.52 224.00 24.52 4
40 224.00 24.52 388.00 '-11::" C::".-.. 4~..J.~L

41 388.00 25.52 415.00 34.52 4
--- --42- - - -'- - 4f5.1)"i)---.--34-~5~-- --426:()(1-----~4;57-- - - --4

43 426.00 34.52 460.00 24.52 4
44 460.00 24.52 __.~4_3.Q9 24.52 4

---- ---



24.52 4
.00 28.51 116.00 29.51 2

i1s.00 29.51 143.00 37.51 ~.- ~

\
47 143.00 37.51 153.00 37.51 2
4~ 153.00 37.51 191.00 25.51 2

191.00 25.51 224.00 24.51 2

t
50 224.00 24.51 388.00 25.51 ~~
51 388.00 25.51 415.00 34.51 2
52 415.00 34.51 426.00 34.51 2
53 426.00 34.51 460.00 24.51 ~

\
~

54 460.00 24.51 543.00 24.51 2
~~ .00 27.04 116.00 28.04 4~~
56 116.00 28.04 143.00 36.04 4

~
57 143.00 36.04 153.00 36.04 4
58 153.00 36.04 191.00 25.04 4
59 191.00 25.04 224.00 24.04 4

J
60 224.00 24.04 388.00 25.04 4
61 388.00 25.04 415.00 34.04 4
62 415.00 34.04 426.00 34.04 4
63 426.00 34.04 460.00 24.04 4

~
64 460.00 24.04 543.00 24.04 4
65 .00 27.02 116.00 28.02 5
66 116.00 28.02 143.00 36.02 5

! 67 143.00 36.02 153.00 36.02 ~~
68 153.00 36.02 191.00 25.02 5
69 191.00 25.02 224.00 24.02 5
70 224.00 24.02 388.00 25.02 5
71 388.00 25.02 415.00 34.02 5
7~ 415.00 34.02 426.00 34.02 c~ ~
73 426.00 34.02 460.00 24.02 ~~
74 460.00 24.02 543.00 24.02 ~~
75 .00 27.00 116.00 28.00 6
76 116.00 28.00 143.00 36.00 6
77 143.00 36.00 153.00 36.00 6
78 153.00 36.00 191.00 25.00 6
79 191.00 25.00 224.00 24.00 6
80 224.00 24.00 388.00 25.00 6
81 388.00 25.00 415.00 34.00 G
8~ 415.00 34.00 426.00 34.00 G~
83 426.00 34.00 460.00 24.00 6
84 460.00 24.00 543.00 24.00 6
85 .00 23.00 116.00 24.00 7
86 116.00 24.00 268.00 20.00 7
87 268.00 20.00 378.00 22.00 ~

I

88 378.00 22.00 501.00 18.50 7
89 501.00 18.50 543.00 18.50 7

}

J
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:rABLE 9-1
Typical Prap«ti ••• f Co.pact.d Motorial.

-.I

-D
N

I T"piul "••••• ,

I
co.pc •••••• T"pic" •••••• d. d,orocleri.tic.

R•••••• , a_•• of
•••i__ R••••• 0' 'Ll..\. C' Typic •• -~..c..-p

WI.,.. ..." •••i.
•••i•••• A. I .• A. ).6 C••••• i_ cf>(E"ccti".

co.'ficie., of .-•..., •••••••••
• ". ••••1 ••i•••••• ,.1 ••• CoIt.aio. p__ .WIi." ca. ".1 •••

_ip,. (10 ,.t, "0 poi' C •• c-
(••••••• '.d) •••••

T__ h'••. •pe,c •••,.1 pete •• , ., "iaaaol
p.ned)

pol •• ".Iop.,) .Ic•••.

••••i•••• pol de••••

GW • .,I1 •••••• dd._ •••••••• 125- In II· • 0.) 0.6 0 0 >)1 >0.79 5. 10-1 40-10 )00. )00
••••• I·.aa4 .18_ ••

GP P_rl,.~d •••••••• Ia. 115-125 14- II 0.4 0.9 0 0 »7 >0.74 10-' 30-60 250-400
•••• I·aaa4 .a.

GW Siler ••••• 1•• .-.a, •.•..•.. 120- n5 12- • 0.5 1.1 .......... .......... >34 >0.67 >10.6 20-60 100-400
•••••• ·u.4-aile.

GC CI."." ••• ".1 •• poorI" •••••••• 115·1)0 14·9 0.7· 1.6 .......... .......... > )1 >0.60 >10-' 20-40 100- )00
•••• I·•••••• d.".

S. • .,11.,.de4 cI••••••••••••••• 11" 110- 1)0 16-9 0.6 1.2 0 0 JI 0.79 >10.1 20·40 200- )00
.aa4 •.

SP P_I" •• aded cI•••••••••• 100 • 120 21 • 12 0.8 1.4 0 0 )7 0.74 >10-1 10-40 200- )00
••••••••• ".I.i •.

SM SiI'" •••••••••••• I, •••••••••••••• 110- 125 16- II 0.8 1.6 1050 4» )4 0.67 5. 10.1 10-40 100 • )00
.ile ••.

SM·se Seed·.ile cl.y •• wid. .1i ••• I" 110-1)0 15- II 0.8 1.4 1050 )00 )) 0.66 1. 10.6 ...........
pl •• dc 'i •••.

se CI.".,,, .aa4 •• poorl" ••• ded 105 • 125 19- II 1.1 2.2 1550 2)0 )I 0.60 5 • 10-' 5-20 100 . )00
••• et-cl." .a.

WL 1_,aMC .ile ••••• cI.".,y .i1 ••. 95-120 24-12 0.9 1.7 1400 190 )2 0.62 10-1 15 •• 1.,•• 100-200
ML<L foIi••••• of i_ •••• c ail, •••• cI." 100 ·,120 22-12 1.0 U 1)50 460 )2 0.62 5. 10-' ...........
CL I_ •••• c cI." •• , low ••• eed. fl· 120 24- 12 I.) 2.5 1100 no :. 0.54 10·' 15 •• 1.,•• 50-200

pl •• dcic".
OL o.••oic .ile •••••• 1Ie-cl., •• I.w 10· 100 ))-21 ........ ........ .......... .......... .......... ..... ............ 5 or I.,•• 50-100

pI•• dcl",.
MH •••••••• c cia"." aile•• .,I.acic 70-95 40-24 2.0 '.1 1500

/{;.... t;: 0.47 5 • 10-' 10 o. I.,•• 50-100
.ile •• ------

CH I_lOGic cI.". 0' !oi." pl •• tid." 75-105 )6-19 2.6 ).9 2150 0.'5 10-' IS or I••• 50· 110
OH Of•• oic cI.". _d .ile" cI." •..• 65- 100 45-21 ........ ........ .......... 1(. .... 1.9.... ..... ............ 50.1 •••• 21- 100

\ ~"d2{"n~ 1.2 o
Nol •• :

I. All propcni.,. .re for coadi.io. of ••••••••••• ProCIO'- •• ai_ ). c•••.•••••_ ••1••••••••• rtK •• toM •••••••• c ••••••••••••• 1

d_.i." • .,.c.p' •• 1_. 01 •••••• ca. w1Uc"••., •••• "eodjli.d C••• i•••••l.
Proc ••••• _.i._ ••••••icy. •. (» i•••icoc.,••• , erpic.1 propen" i•• ,.,.,e •••••• dta ••• _ ••••_.

2. Typic" ."u••"c••••• c•.,ri •• ic ••• ., •••• .,ff«c.iv., •• ,., ••••• _".,Iop.,. C.... ) ••••ic•••••• .,he ic. 4•••••• , •• "Ic f ••••• 11_' e .
••••"C o••••iaed I,..USBR d•••.

I-- - 0'
~a .'- •• ~.• • •• - l1li III •• •III
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7 TYPE(S) OF SOIL

SOIL TOTAL SATUF.:ATED
ZOMETRIC

TYPE UNIT WT. UNIT WT.
URFACE

NO. (PCF) (F'CF)
NO.

1
1 100.0 100.0
~ 120.0 130.0~

3 140.0 140.0
-- -

4 140.0 140.0

5 140.0 140.0

6 125.0 125.0

7 125.0 125.0

1

1

1

1

1

1

\7.../31

COHESION FRICTION POF.:E PRESSUF.:E PI
INTERCEPT ANGLE PRESSURE CONSTANT

(PSF) (DEG) PARAMETER (PSF)

.0 30.0 .00 .0

.0 30.0 .00 .0

.0 26.0 .00 .0
- - ~

.0 18.0 .00 .0

.0 18.0 .00 .0

2000.0 20.0 .00 .0

2000.0 20.0 .00 .0

1 PIEZOMETF.:ICSUF.:FACE(S)HAVE BEEN SPECIFIED1

UNITWEIGHT OF WATER = 62.40

PIEZOMETF.:ICSUF.:FACENO. 1 SPECIFIED BY 2 COOF.:DINATEPOINTS

POINT X-WATEF.: Y-WATEF.:
NO. CFT) (FT)

1 .00 5.00
- 543.00 5.00~

A HOF.:IZONTALEARTHQUAKE LOADING COEFFICIENT
OF .150 HAS BEEN ASSIGNED
A VERTICAL EAF.:THQUAKELOADING COEFFICIENT
OF .000 HAS BEEN ASSIGNED

1
CAVITATION PRESSURE =-2115.0 PSF
A CRITICAL FAILURE SURFACE SEAF.:CHINGMETHOD, USING A RANDOM
TECHNIQUE FOF.:GENEF.:ATINGCIF.:CULARSUF.:FACES,HAS BEEN SPECIFIED.



CAs.E. \
100 TRIAL SURFACES HAVE BEEN GENERATED.

\3/37

10 SURFACES INITIATE FROM EACH OF 10 POINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X = 150.00 FT.

AND X = 190.00 FT.

EACH SURFACE TERMINATES BETWEEN
AND

x = 290.00 FT.
X = 360.00 FT.

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS Y = .00 FT.

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

RESTRICTIONS HAVE BEEN IMPOSED UPON THE ANGLE OF INITIATION.
THE ANGLE HAS BEEN RESTRICTED BETWEEN THE ANGLES OF -30.0 AND

[3.

• I) DI

J.
FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST.

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD.

FAILURE SURFACE SPECIFIED BY 20 COORDINATE POINTS

F'OINT
NO.

X-SUf':F
(FT)

1 181.11
191.11
201. 11
211.09

2
3
4
5
5
7
8

221.04
230. '34
240.7'3
250.55
260.25
269.83
27'3.30
288.64
2'37.84
306.8'3
315.76
324.46
332. '35
341.25
349.33

'3
10
1.1
1·-,..::.

13
14
15
1S
1.7
18
l '3
20 353.31

:~~i::t 1. 1'32 :t::U:

Y-SURF
(FT)

48.14
48.00
48.24
48.85
4'3.86
51.23
52.98
55.10
57.59
60.44
63.55
67.22
71. 15
75.41
80.02
84. 'jE,
'30. :22
'35.81
1(I1. 70
104.84

- ----------
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t URFACE

ZOMETf;,:IC

NO.

1

1

1
I __
1-- - - 1-

!
I 1 1

1

1

1

eASEL
7 TYPECS) OF SOIL

)5/37

SOIL TOTAL SATURATED COHESION FF<:ICTION POF:E F'F.:ESSUPEPII

INTERCEPT ANGLE PF:ESSURE CONSTN'IT

(PSF) (DEG) PAF:AMETER (PSF)

.0 20.0 .00 .0

.0 30.0 .00 .0

.0 26.0 .00 .0

.0 18.0 .00 .0
~ - ••• <- - ••• --- - - .. - -- -- - - '-""" - .- - -- - .

.0 18.0 .00 .0

2000.0 20.0 .00 .0

2000.0 20.0 .00 .0

TYPE UNIT WT. UNIT WT.

NO. (PCF) (PCF)

1 100.0 100.0
~ 120.0 130.0~

- .
3 140.0 140.0

4 140.0 140.0- .---.- - ~. -.- - _ ..- .-- -- - ---.--

5 140.0 140.0

6 125.0 125.0

7 125.0 125.0

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS

POINT X-WATER Y-WATER
NO. CFT) CFT)

1 .00 5.00
2 543.00 5.00

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.



16 )31

eASEL..

100 TRIAL SURFACES HAVE BEEN GENERATED.

10 SURFACES INITIATE FROM EACH OF 10 POINTS EQUAL~Y SPACED
ALONG THE GROUND SURFACE BETWEEN X = 145.00 FT.

AND X = 190.00 FT.

EACH SURFACE TERMINATES BETWEEN
AND

x ~ 200.00 FT.
X = 400.00 FT.

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS Y = .00 FT.

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

RESTRICTIONS HAVE BEEN IMPOSED UPON THE ANGLE OF INITIATION.
THE ANGLE HAS BEEN RESTRICTED BETWEEN THE ANGLES OF -30.0 AND .0 D

G.

1. FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST.

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD.

FAILURE SURFACE SPECIFIED BY 12 COORDINATE POINTS

POINT X-SURF Y-SURF
NO. (FT) (FT)

1 180.00 47.82
2 189. '39 47.32
3 . - 199.98 47.63
4 209.92 48.75
5 21'3.73 50.68
6 2213.36 53.313
7 238.73 56.87
8 247.80 61. 09
'3 256.4'3 66.04

10 264.75 71. 67
11 272.53 77. '36
12 273.26 78.65

1.165 ***
, ---- -



7 TYF'E(S) OF SOIL
(.A-S£"3
SOIL TOTAL SATUPATED

ZOMETF.:IC
TYPE UNIT WT. UNIT WT.

UF.:FACE
NO. (PCF) (PCF)

NO.

1
1 100.0 100.0

2 120.0 130.0

3 140.0 140.0

4 140.0 140.0

~ 140.0 140.0~

6 125.0 125.0

7 125.0 125.0

1

1

1

1

1

1

\/ /37

COHESION n::ICTION PORE PF.:ESSURE F'

INTEPCEPT ANGLE PF.:ESSUF:ECONSTANT

(F'SF) (DEG) PAPAMETEF: (F'SF)

.0 30.0 .00 .0

.0 30.0 .00 .0

.0 26.0 .00 .0

.0 18.0 .00 .0

.0 18.0 .00 • O

2000.0 20.0 .00 .0

2000.0 :::0.0 .00 .0

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED:l

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS

POINT X-WATEP V-WATER
NO. (FT) (FT)

1 .00 5.00
~ 543.00 5.00L

1 A CRITICAL FAILUPE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.



100 TRIAL SURFACES HAVE BEEN GENERATED.
CASE3 \8/37

10 SURFACES INITIATE FROM EACH OF 10 POINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X = 80.00 FT.

AND X = 170.00 FT.

EACH SURFACE TERMINATES BETWEEN
AND

x = 250.00 FT.
X = 340.00 FT.

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS Y = .00 FT.

10. 00 FT~' LINE SEGMENTS DEFINE EACH TF.:IALFAILUF:E SlJRFf\CE.

RESTRICTIONS HAVE BEEN IMPOSED UPON THE ANGLE OF INITIATION.
THE ANGLE HAS BEEN RESTRICTED BETWEEN THE ANGLES OF -30.0 AND .0 Df

[3.

1 FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST.

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD.

FAILURE SURFACE SPECIFIED BY 21 COORDINATE POINTS

F'OINT X-SUF:F Y-SURF
NO. (FT) (FT)

1 150.00 40.04
- 160.00 3'3. ':;10~
':I 170.00 40. 12~
4 17'3. ':;'8 40.70
r=- 18':;'. '34 41.64..J

6 1'3'3.85 42. '33
7 20'3.72 44.58
8 21'3.51 46.58
'3 22'3.23 48. ':;'2

10 238.86 ~:i1.62
11. 248.3'3 54.66
1'-' 257.80 58.04..::.

13 267.0'3 61.75
14 276. :::4 65.7'3
1r::" 285.23 70.16d

16 2'34.06 74.85
17 302.72 7'3.85
18 311.20 85.16
1 ':j 31'3.48 '30.76
20 327.55 '36.56
21, 328.65 '37.53

:f J:::\:: :[. 822 l:t::t:

--- --.-- - .-.--
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(--45£4 20\37
7 TYPE(S) or SOIL

SOIL TOTAL SATURATED COHESION FRICTION PORE PRESSURE PlZOMETRIC
TYPE UNIT WT. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANTURf"ACE
NO. (PCn (PCn (PSn <DEG) PARAMETER (PSnNO.
1 100.0 100.0 .0 30.0 .00 -~1
2 120.0 130.0 .0 30.0 .00 .01
3 140.0 140.0 .0 26.0 .00 .0

•• 140.0 140.0 .0 18.0 .00 .0
C. 1 '!':w" ....•. 4 + 50. Z.::s&«'J(.SW4. .••. -W""S,!f\¥ ..¥!. ,.::;.... %P'_.4i M ... '!' ' .•JLaU' -;JL Er.!' 1'i!.. !" ....¥ ¥l ... ;:: , :*"5 140.0 14JO.0 .0 18.0 .00 .0'-

6 125.0 125.0 325.0 22.0 .00 .0
7 125.0 125.0 325.0 22.0 .00 .0

1
1 1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

UNITWEIGHT OF"WATER ~ 62.40

PIEZOMETRIC SURFACE NO. 1 SPECIF"IED BY 2 COORDINATE POINTS

POINT X-WATER Y-WATER
NO. (FT> (FT>
1 .00 5.00
2 543.00 5.00

1 TRIAL FAILURE SURFACE SPECIFIED BY 14 COORDINATE POINTS

POINT X-SURF Y-SURF
NO. (FT> (FT>
1 116.00 32.04
2 125.00 26.50
3 139.00 20.00
4 1:56.00 15.00
5 175.00 12.50
6 190.00 12.50
7 210.00 15.00
8 23<4.00 22.00
9 246.00 27.00
10 277.00 43.50
11 292.00 53.50
12 315.00 72.50
13 325.00 82.50
14 341.00 101.74******««< CALLED PLTN - STBL 430 »»>************««< RETURNED FROM PLTN - STBL 430 »»>******

FACTOR OF"SAFETY FOR THE PRECEDING SPECIFIED SURFACE = 2.082
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4 140.0 140.0,.......~O 18,.0....•,00. .0
.,' . . .-1"." - .•..• ~ > ., • ~.~I\;t ..,~~ ..•••.".'~ ...••...~Jri.'."'.- .• ' \- I'" 1.'""' •..•••. ~'t\ •. ,,\'" r .•••• , ._~.,'ai- " ....':L)--- ._, ~ ~~ lI:::tt.L~~. - ~~-·~~·· .•·lh.•Uf...;.i.t. ~ .• ", .• ';~"'W 4'";\&"0£ '.d' 't :U',,'''' ~"_'. ~'li-"i~'" ' M I,·~~i.~~~.::::~~!1at:t&.~t:t.!..~,... .K••-:,~'.r04""~'~Jr~*!:.~~!.... . """ :".-!.oi: .••5!·:.- .::...~.; ,~.. ~ :~~~.~

5 140.0 140.0 .0
l
I

&~~.~~r&~ ~u~~ rM~~-~le~~

CAStS
7 TYPE(S) Or SOIL

SOIL TOTAL SATURATED
ZOMETRIC

TYPE UNIT WT. UNIT WT.
URF'"ACE

NO. (PCF'") (PCF'")
NO.

1 100.0 100.0
1

2 120.0 130.0
1 -3 140.0 140.0
1

1
6 125.0 125.0

1

I

t

j

I

7 125.0125.0
1

1

t-"2-/37

COHESION F'"RICTION PORE PRESSURE PI
INTERCEPT ANGLE PRESSURE CONSTANT

(PSF'") (DEG) PARAMETER (PSF")

.0 30.0 .00 .0

.0 30.0 .00 .0

.0 26.0 .00 .0

18.0 .00 .0
325.0 22.0 .00 .0

325.0 22.0 .00 .0

1 PIEZOHETRIC SURrACE(S) HAVE BEEN SPECIrIED

UNITWEIGHT Or WATER 2 62.40

PIEZOMETRIC SURrACE NO. 1 SPECIF'"IEDBY 2 COORDINATE POINTS

POINT
NO.

X-WATER
(F'"T)

Y-WATER
(F'"T)

1

1 .00 5.00
2 543.00 5.00

TRIAL rAILURE SURrACE SPECIrIED BY 10 COORDINATE POINTS

POINT
NO.

X-SURr
(rT)

******««<******««<

1 153.00
2 165.00
3 180.00
4 224.00
5 246.0-0
6 277.00
7 292.00
8 315.00
9 325.00
10 341.00

CALLED PLTN - STBL
RETUR~ED rROM PLTN

Y-SURr
(rT)
40.04
34.00
29.00
24.02
24.15
43.50
53.50
72.30
82.50
101.74

430 »»>******
- STBL 430 »»>******

1 v
rACTOR Or SArETY rOR THE PRECEDING SPECIrIED SURFACE = 1.892

A
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cAst'"
7 TYPE(S) OF SOIL

SOIL TOTAL SATURATED
ZOMETRIC

TYPE UNIT WT. UNIT WT.
URF'ACE

NO. (PCF') (PCF')
NO.

1 100.0 100.0
1

2 120.0 130.0
1

3 140.0 140.0
1

24/'SJ

COHESION FRICTION PORE PRESSURE P II
INTERCEPT ANGLE PRESSURE CONSTANT

(PSF') (DEB) PARAMETER (PSF')

.0 30.0 .00 .0

.0 30.0 .00 .0

.0 26.0 .00 .0

h . ,4 ..,140•..0.". ","140"0:&:'''':'''''A~..•O'::"~"$lB.O""c •••~.OO __ ....,,,,..•,~ ...• _O~~" ~.•...'.~~t# t 'ri'·.· . T Ki-itF" 1M·': .1.. 'j H'VHUatT!'FVs:;.Ii~"··ii· ~"'••~1¥~~·~~I~:';"'· ~_~'MiA4T ~.~ ""'~'~'r;~ ~.••t~?·)"·t.ri'k'
. " ..) . ,.~" 5'" . .-~~ ..• j:~...•1:' .:....: ..,~.~;..:.:~••....::,....~.~;;;~ •..!~~~i.\.,•.•·.-~·:!.~.:l:....:,{..:;.;:...:'" .... !!:...~~~~~~-:'__ ".,_ .. '_.:. ~·,~·.:.~t;""'; :,:h.S, . ~...

5 140.0 140.0 .0 18.0.00 .0
1

1
125.0 125.0

125.0
6

7 125.0
1

325.0 22.0 .0.00
325.0 22.0 .0.00

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIF'IED1

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURF'ACE NO. 1 SPECIF'IED BY 2 COORDINATE POINTS

POINT X-WATER Y-WATER
NO. (F'T) (FT)
1 .00 5.00
2 543.00 5.00

1 TRIAL F'AILURE SURF'ACE S~ECIF'IED BY 9 COORDINATE POINTS

POINT
NO.

X-SURF'
(FT)

V-SURF'
(FT)

******««<******««<

1 153.00
2 191.00
3 224.00
•• 246.00
5 277.00
6 292.00
7 315.00
a 325.00
9 341.00

CALLED PLTN - STBL
RETURNED FROM PLTN

40.04
25.02
24.02
24.15
43.50
53.50
72.50
82.50
101.74

430 »»>******
- STBL 430 »»>******

FACTOR OF SAFETY F'OR THE PRECEDING SPECIF'IED SURF'ACE - 1.726



cASf:7 -ZS /377 TYPE<S) OF SOIL

SOIL TOTAL SATURATED :~~\-1FSIONF"RICTION PORE PRESSURE PIZOMETRIC
TYPE UNIT WT. UNIT WT. H~ f f r« •• ,: r ANGLE PRESSURE CONSTANTlJRF"ACE
NO. (peF") (PC'-' (Psr) ~DEG) PARAMETER (PSF •

Ne.
1 100.0 10e,'.' .0 80_0 .00 /'

2 120.0 t ':If) " () 30.0 .00 .C
3 140.0 l40.v .0 26.0 .00 .0

1
4 140.0 140.0 .0 18.0 .00 .0

pr-- -.--" .•T•....•..-~7,."...=iI'r.~(".,....,••"""">r.•..".'r' "''''''·''';!''''''''1''':t''~•..•.~ \O~... ,:U..., .•.•. 1iiifi~••t .t . '"_. """Ij:- --,..,.~.~~~ ·~ilI'""-4""r.4l-~~~'~~· =~:''''..I;I, II' .•.•..•.

5 140.0 140.0 .0 18.0 .00 .0

6 125.0 125.0 325.0 22.0 .00 .0
1

7 125.0 125.0 325.0 22.0 .00 .0
1

1 1 PIEZOMETRIC SURF"ACE'CS).HAVE: REEN.SPEC1F.IED

U .,i' OF" WATER = 62.40

:PI.E:..l'Oi'W:.1 ~1'C·'5URrACE:N:.J. :lFIED BY 2 COORDINATE POINTS

POINT
NO.

X-WATER
(FT)

y It::R
f)

1 .00
343.00

5.00
5.00.')

. HORIZONTAL EARTHQUAKE LOADING COEF"F.CL~N(
Of • 150 HAS BEEN ASSIGNED
A vERTICAL EARTHQUAKE LOADING COEF"F"ICIENT
~ .000 HAS BEEN ASS~GNED

1
L".VITATION PRESSURE =--2115.0PSF"
TRIAL F"AILURE SURF"ACE SPECIF"IED BY 9 COORDINATE POINTS

r
f

f.....
POINl
NO.

X-5i.J~;:-
(F"T>

'y-SURf"
cr r»

1 .\53.0(;
2 . 19\ -')0
3 224.00
4 246.00
5 277.00
6 292.00
7 31~.00
8 325.00
9 341.00

CALLED PLTN - STBL
RETURNED F"ROt1PL TN

.•0.04
.'::i.02
24.02
24.15
43.50
53.50
72.50
82.50
101.74

430 »»>******
- STBL 430 »»>************««<******««<

FACTOR OF SAFETY FOR rHE PRECEDING SPECIF"IED SURF"AC£ = 1.129
v
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cAsG""e
7 TYPE(S) O~ SOIL

SOIL TOTAL SATURATED

ANGLE PRESSURE CONSTANT
ZOMETRIC

COHESION ~RICTION PRESSURE PlPORE

NO. c=cr»

TYPE UNIT WT. UNIT WT. INTERCEPT

(Psn (DEG) PARAMETER (Psn

1
6 125.0

URF'ACE

NO.

1 100.0 100.0 .0 .00 .0
1

2 120.0

30.0

130.0 .0 30.0 .00 .0
1

3 140.0 140.0 .0 26.0 .00 .0
1

.,:....~.I'O"'-O.;""'!!,=..,;?~.-;>i'-' ',..th ••••••••·+4..-.•..••_"••.,.•.•~;'•.•.•9.",..:.•••.,.~"""".4.,;,.-'·_ ~""~.""~""'l.,.:P""!,.....•••·~1?~i·-•••· ·IIIIIX•••••( ••••· .'~ ••"-;:-'••••=:...:...~~O-••_~. ;_.!?~'~.•'"".:'i"~•••l .•!oiii··°L...•••,•••;. .••~,..,.:.•.••·:;•••.- .:••••fi'O•••_ ••..•..••.,,~_.~"-.:'ffFr~¥;~·.~.:'!"7!"~,'=t..,·O'''i!"i:::D"~••· .; .••••,,~,,:.
~~.r.. ,.r '\', .1' '-: ..•..; ' ..•...••.... : .. i~~ -J. _".~ "1\ ',.,' :~~.;\'-~.:: •. t , .~.'f:J:-4

140.0 140.0

1
7 12~.0

1 PIEZOMETRIC SUR~ACE(S) HAVE BEEN SPECI~IED
1

.0 18.0 .00 .0

125.0 325.0 22.0 .0<> .0
125.0 325.0 .0022.0 .0

UNITWEIGHT OF' WATER - 62.10

PIEZOMETRIC SUR~ACE NO. 1 SPECI~IED BY 2 COORDINATE POINTS

POINT
NO.

X-WATER
(~T>

1
2

.00
543.00

Y-WATER
(~T>

5.00~.oo

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT
O~ .150 HAS BEEN ASSIGNED

A VERTICAL EARTHQUAKE LOADING COEFFICIENT
OF .()()O HAS BEEN ASSIGNED

1
CAVITATION PRESSURE =-211~.0 PSF'
TRIAL FAILURE SURFACE SPECIFIED BY 9 COORDINATE POINTS

POINT
NO.

X-SURF
(FT>

******««<******««<

1 153.()()
2 191.00
3 224.00
4 256.00
5 277.00
6 292.00
7 31~.00
8 32~.00
9 341.00

CALLED PLTN - STBL
RETURNED FROM PLTN

Y-SURF
(FT>

40.04
25.02
24.02
24.21
43.~
53.~0
72.50
82.50
101.74

430 »»>******
- STBL 43<> »»>******

FACTOR OF SAFETY FOR THE PRECEDING SPECIFIED SURF'ACE - 1.118
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ZOMETRIC 

URF'ACE 

1 

1 

NO. 

1 

1 

1 

1 

1 

1 

, ~ u , ~u~,~ ~ U&L rM~~ -~ •~K~ 

C4St:1 29/37 
7 TYPE(S) Of" SOIL 

SOIL TOTAL SATURATED COHESION F'RICTION PORE PRESSURE P 

TYPE UNIT WT. UNIT WT. INTERCEPT 

<PSF"> 

ANGLE PRESSURE CONSTANT 

NO. <PCF"> <PCF'> <DEG> PARAMETER <PSF'> 

l 100.0 100.0 .o 30.0 • 00 .o 

2 120.0 130.0 .o 30. 0 .00 .o 

3 140.0 140.0 .o 26.0 .oo .o 

6 

7 

125.0 

125.0 

125.0 

125.0 

325.0 

325.0 

22.0 

22.0 

1 PIEZOMETRIC SURFACE<S> HAVE BEEN SPECIF'IED 

UNITWEIGHT OF' WATER• 62.40 

.00 

.00 

PIEZOMETRIC SURF'ACE NO. 1 -SPEClf'lED BY 2 COORDINATE POINTS 

POINT 
NO. 

1 
2 

X-WATER 
(f"T) 

.00 
543.00 

¥-WATER 
(FT) 

5.00 
5.00 

A HORIZONTAL EARTHQUAKE LOADING COEF'F'ICIENT 
OF' .150 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE LOADING COEF'FICIENT 
OF' .000 HAS BEEN ASSIGNED 

CAVITATION PRESSURE =-2115.0 PSF" 
TRIAL FAILURE SURFACE SPECIFIED BY 9 COORDINATE POINTS 

POINT 
NO. 

X-SURF' 
(f'T) 

1 153.00 
2 191.00 
3 224.00 
4 266.00 
5 277.00 
6 302.00 
7 315.00 
8 325.00 
9 341.00 

Y-SURF" 
(f"T) 

40.04 
25.02 
24.02 
24.27 
43.50 
49.00 
72.!50 
82.50 

101.74 

.o 

.o 

******<<<<< 
******<<<<< 

CALLED PLTN - STBL 
RETURNED F'ROt1 PLTN 

430 >>>>>****** 
- STBL 430 >>>>>****** 

F'ACTOR OF' SAFETY FOR THE PRECEDING SPECIFIED SLRF'ACE = 1.220 
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ZOMETRIC 

URF"ACE 

NO. 

1 

1 

1 

1 

1 

1 
1 

1 

i -=>U I l'<U,.... i L, ;:,u 4 L r-· 1-11'<1-\rtt:. I t:.t<::. 

c.AS"f\O 3\ l37 
7 TYPE(S) OF" SOIL 

SOIL TOTAL SATURATED COHESION FRICTION PORE PRESSURE P 

TYPE UNIT WT. UNIT WT. INTERCEPT 

CPSF"> 

ANGLE PRESSURE CONSTANT 

NO. CPCF"> CPCF"> <DEG> PARAMETER CPS.-) 

1 100.0 100.0 .o 30.0 • 00 .o 

2 120.0 130.0 .o 30.0 .00 .o 

3 140.0 140. 0 · .o 26.0 .oo .o 

!5 ··-·p;o.o 1'40.0 .o 18.0 .oo 

6 125.0 125.0 325.0 22.0 .oo 

7 125.0 125.0 325.0 22.0 .00 

1 PIEZOMETRIC SURFACE<S> HAVE BEEN SPECIFIED 

UNITWEISHT Of" WATER~ 62.40 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

1 
2 

X-WATER 
(FT) 

.00 
543.00 

Y-WATER 
(FT) 

5.00 
5.00 

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT 
OF" .150 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE LOADING COEFFICIENT 
Of" .000 HAS BEEN ASSIGNED 

CAVITATION PRESSURE =-2115.0 PSr 
TRIAL FAILURE SURFACE SPECIFIED BY 9 COORDINATE POINTS 

POINT 
NO. 

X-SURF" 
(FT) 

1 153.00 
2 191.00 
3 224.00 
4 266.00 
!5 277.00 
6 292.00 
7 315.00 
8 325.00 
9 345.00 

Y-SURF 
(FT) 

40.04 
25.02 
24.02 
24.27 
43.:50 
53.:50 
72.:50 
82.:50 

103.10 

.o 

.o 

******<<<<< 
******<<<<< 

CALLED PLTN - STBL 
RETURNED FRON PLTN 

•30 >>>>>****** 
- STBL 430 >>>>>*U*** 

FACTOR OF SAFETY FOR THE PRECEDING SPECIFIED SURF"ACE ~ 1.1• 
l 
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ZOMETRIC 

URf'ACE 

NO. 

l -

l 

l 

ISOTROPIC SOIL PARN1ETERS 

c.Asc\\ 
7 TYPE<S> Of" 

SOIL 

TYPE 

NO. 

1 

2 

3 

TOTAL 

UNIT WT. 

(PCF"> 

100.0 

120.0 

140.0 

SOIL 

SATURATED 

UNIT WT. 

<PCF'> 

100.0 

130.0 

140.0 

COHESION f"RICTION 

INTERCEPT ANGLE 

(PSf") <DEG) 

.o 30.0 

.o 30.0 

.o 26.0 

PORE 

PRESSURE 

PARAMETER 

.00 

.00 

.oo 

PRESSURE Pl 

CONSTANT 

<PSF"> 

.o 

.o 

.o 

4 140.0 .o 18.0 .00 140.0 .o 

1 

1 

1 

1 

1 

Y::: ~• -• :w=.WC W .• . !i~ ¥Ji J.t J? 4 M< _S «4 

5 

6 

7 

140.0 

125.0 

125.0 

140.0 

125.0 

125.0 

.o 

325.0 

325.0 

18.0 

22.0 

22.0 

1 PIEZOMETRIC SURF"ACE(S) HAVE BEEN SPECIFIED 

UNITWEIGHT Of" WATER= 62.40 

.00 

.oo 

.oo 

PIEZOMETRIC SURF"ACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

1 
2 

X-WATER 
(f"T) 

.00 
543.00 

Y-WATER 
(f"T) 

5.00 
5.00 

A HORIZONTAL EARTHQUAKE LOADING COEF"f"ICIEN~ 
Of" .150 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE LOADING COEF"f"ICIENT 
Of" .000 HAS BEEN ASSIGNED 

CAVITATION PRESSURE =-2115.0 PSF" 
TRIAL FAILURE SURFACE SPECIF"IED BY 9 COORDINATE POINTS 

POINT 
NO. 

X-SURf' 
(f"T) 

1 153.00 
2 191.00 
3 224. 00 
4 266.00 
5 277.00 
6 292.00 
7 31:5.00 
8 325.00 
9 335.00 

Y-SURF" 
(f"T) 

40.04 
25.02 
24.02 
24.27 
43.50 
53.50 
72.50 
82.:50 
99.69 

******<<<<< CALLED PLTN - STBL 
******<<<<( RETURNED FRON PLTN 

430 >>>>>****** 
- STBL 430 >>>>>****** 

_ ___ _i. ACTOR Of' SAFETY fOR THE PRECEDING SPECJF:IED SURF"A<;~_:-: ..J. • 153 
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I 

ZOHETRIC 

URF"ACE 

NO . 

1 

1 

1 

.... I ... 
1 

1 

1 
1 

1 

u\>G'" ll.. 
7 TYPE(S) Of" SOIL 

SOIL TOTAL SATURATED COHESION f"RICTION PORE PRESSURE 

TYPE UNIT WT. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT 

NO. <PCF> <Pen <PSF"> <DEG> PARAMETER <PSF"> 

1 50.0 so.o .o 30.0 .00 .o 

2 120.0 130.0 .o 30.0 .oo .o 

3 140.0 140.0 .o 26.0 .oo .o 

4 140.0 140.0 .o _18.0 .oo .o 
- f ·~- ............ ,., .. .. , .. - . -... t oi ff ; j. ... - _:'!',:' 4'!11.- .• _, ______ . 

C i i . F4&1WJ4 

s 140.0 140.0 . o 18.0 .00 

6 125.0 125.0 325.0 22.0 .00 

7 125.0 125.0 325.0 22.0 .oo 

1 PIEZOMETRIC SURf"ACE(S) HAVE BEEN SPECIF"IED 

UNITWEIGHT Of" WATER= 62.40 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

1 
2 

X-WATER 
(FT) 

.oo 
543.00 

V-WATER 
(FT) 

5.00 
s.oo 

A HORIZONTAL EARTHQUAKE LOADING COEFF"ICIENT 
Of" .150 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE LOADING COEFFICIENT 
Of" .000 HAS BEEN ASSIGNED 

CAVITATION PRESSURE --211s.o PSF" 
TRIAL FAILURE SURFACE SPECIFIED BY 9 COORDINATE POINTS 

POINT 
NO. 

X-SURF 
(f"T) 

1 153. 00 
2 191.00 
3 224.00 
4 266. 00 
5 277. 00 
6 292.00 
7 315. 00 
S 325.00 
9 341.00 

V-SURF' 
(f'T) 

40.04 
25.02 
2 ... 02 
24.27 
"43.50 
53.SO 
72.SO 
82.50 

101. 74 

.o 

.o 

.o 

******<<<<< 
******< << << 

CALLED PLTN - STBL 
RETURNED FROM PLTN 

430 >>>>>****** 
- STBL 430 >>>> >****** 

FACTOR OF SAf"ETV f'OR THE PRECEDING SPECIFIED SURFACE= 1.202 

p 
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STABILITY ANALYSIS OF CUT SLOPES 
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:rABLE 9-1 
Typical Properties of Compacted Materials 

Typical value of 
Typical acreoath chuacccri• tica 

compression 
Range of 

Range of Typical Range of 

Group 
snasi•um 

optimwn 

I 
At }.6 cocfficieoc of 

aubgrade 
Soil 1ype dry uai, A, 1.4 Coheaion ~(Effecc.in Range of 

mod~lu• aymbol moiarure, ul ul Cohc• ion per111eability CBR valuu wei1ht, (20 psi) f'SO ps i. ) <•• co•" (aatura,ed) 
arrcaa 

Tan~ h/111in . k 
pcl 

percent pac1ed) enelope) lb/c 1.1 i•. percau of oriaiaal pol 

heigh, 
pd degreea 

G,· ll'ell graded cleaa 1rnela, 125 • BS 11 • 8 o., 0.6 0 0 >}8 >0.79 S • 10-2 -40 - 80 }00 • 500 
ara wcl -aand mianuca. 

GP Poo,ly 1raded cleaa 1rnela, 115 • 125 1"- 11 0.,4 0.9 0 0 >37 >0.7-4 10· 1 ,o. <,O 250 - ,400 
gravcl-• aod mU: . 

GM Sil,y 1ranl • , poorly 1raded 120 • BS 12 - 8 o.s I.I · ·· · · · ·· ·· .. ... .. . .. >H >0.67 >10·• 20 • 60 100 • ,400 
1r••cl•aand·• il1. 

GC Clayey 1ranl• , poorly 1raded 115 • BO J,4 . 9 0 .7· 1.6 .. ...... .. .......... >}I >0.60 > 10-7 20 • '60 100 • }00 
gruel•saod-clay. 

SW Well 1raded clean aaada, panlly llO· BO 16 • 9 0.6 1.2 0 0 }8 0.79 >JO-l 20 • -40 200. }00 

aaod•. 
SP Poorly 1raded cleaa aanda, 100 • 120 21 • 12 0.8 ... 0 0 }7 O.H >10-J 10 • 40 200 • }00 

• aad·ara•el aia . 
SM Silry • -ad• , poorly 1raded aaad- 110 • 125 16 • 11 0.8 1.6 1050 -420 3-4 0.67 5. 10-s 10 • '60 100 • 300 

ailc mia. 
SM-SC Sand· ailr clay aia wich ali1hdy 110· BO IS· 11 0 .8 '-" 1050 300 H 0 .66 2. 10-• ··········· 

plaa,ic fiaea. 
SC Clayey • -oda, poorly ,raded 105 • 125 19 • 11 I.I 2.2 1550 230 }l 0.60 S• 10· 7 S • 20 JOO· 300 

aaod-clay mia. 
ML looraanic • ilta aad clayey aiha 95 • 120 2-4 • 12 0.9 1.7 1"00 190 32 0.62 10-s IS or le •• 100 • 200 

ML-CL Miacure of iaor1anic ailr aod clay 100 • 120 22 • 12 1.0 2. 2 BSO -460 32 0.62 S • J0 -7 ··· ·· ····· · 
CL Jooraaoic claya of low co med. 95 • 120 2-4 • 12 I.} 2.S 1800 270 28 0.5" 10· 7 IS or leaa so· 200 

pla• ticicy. 
OL Or1anic ailra and ailr•claya, low 80 • 100 H • 21 ........ .... .... ........ .. . ......... ········ · · ..... ....... ... .. 5 or le•• 50 • 100 

plauici1y. 
MH lnoraaoic clayey aiha, elaatic 70 • 95 "°. 2-4 2.0 3-8 1500 "20 25 0. -47 5 • )0·7 IOorleaa so· 100 

aiha. 

llil --ltcH loor1anic claya of biah plaauciry 75 • 105 36 · 19 2.6 }.9 jmoj 230 0.}5 10-7 IS or leaa 50 • 150 
OH Oraaaic claya and aihy claya ... 65 • 100 -45 · 21 ....... . ········ .......... . ......... ........ .. ... .. . .......... . Sor leaa 25 • 100 

No1ea: 
I. All propenies are for coadirioa of ••raadard Proctor• maximum }. Coapre••ioa valu.ta arc for verucal lo.dina will, coaplccc- laccral 

deoai1y, eacepc nluu of k and CBR which are for 0 ,nodified coo.liaeaeac. 
Proctor• maaimua deaairy. "· ( >) iodicacu cha, rypical p,openy ia 1ru1er 1han 1he value ahowo. 

2. Typical • treaath chuacteriaric • are for effecri..-e erreaarb eovelopea ( .... ) i.dic arc• i•a.Jfideftl daca auilablc for•• c•1i.,.1c . 

and are obcaioed fr- USBR daca. 

~ \.JsL (_ % -Z..OC-V\(',~ ct = -z.oo 
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~\3 ~ }37 
7 TYPE<S> OF SOIL 

SOIL TOTAL SATURATED COHESION FRICTION PORE . PRESSURE P l 
ZOMETRIC 

TYPE UNIT WT. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT 
URF"ACE - -

NO. CPCF"> CPCr> <PSF"> <DEG> PARAMETER <PSF"> 
NO. 

l 100.0 100.0 .o 26.5 .00 .o 
l 

2 120.0 130.0 .o 30.0 .00 .o 
l 

3 140.0 140.0 .o 26.0 .oo .o 
l 

4 140.0 140.0 .o 18.0 .oo .o ..... -...... .... uco+-_'f'~'!!WWW:' . :=:= .i:., .. ,\. .. t. 4-.iC"!',!~ - i . ¥Jt'f ~ .. + - ~+-!. . ' -'¥., .'- ¥:'!:""' . -~~_........,_ "'~'!"' .. --

1 

l 

l 
1 

1 

5 140.0 140.0 .o 18.0 .00 

6 125.0 125.0 325.0 22.0 .oo 

7 125.0 125.0 325.0 22.0 .oo 

1 PIEZOHETRIC SURFACE<S> HAVE BEEN SPECIF"IED 

UNITWEIGHT OF WATER = 62.40 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

1 
2 

X-WATER 
(FT) 

.oo 
543.00 

Y-WATER 
<FT> 

5.00 
5.00 

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT 
Of" .150 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE LOADING COEf"f"ICIENT 
Of" .000 HAS BEEN ASSIGNED 

CAVITATION PRESSURE •-2115.0 PSf" 
TRIAL FAILURE SURFACE SPECIFIED BY 9 COORDINATE POINTS 

POINT 
NO. 

X-SURF" 
(f"T) 

l 153.00 
2 191.00 
3 224.00 
4 266.00 
5 277.00 
6 292.00 
7 315.00 
8 325.00 
9 341.00 

Y-SURf" 
(f"T) 

40.04 
25.02 
24.02 
24.27 
43.:50 
53.50 
72.50 
82.50 

******<<<<< 
******<<<<< 

CALLED PLTN - STBL 
RETURIIED f"RON PLTN 

101.74 
430-»>»~ . 
- STBL 430 >>>>>*U~*-

f"ACTOR OF" SAf"ETV f"OR THE PRECEDING ~CIF"I_ED SURF'ACE • 1,088 ---------

.o 

.o 

.o 
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s;JJ37 c.Asc\4 
7 TYPE<S> OF" SOIL 

SOIL TOTAL SATURATED COHESION FRICTION PORE PRESSURE PI 
ZOMETRIC 

TYPE UNIT WT. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT 
URF"ACE 

NO. <PCF> (PCF'> (PSF"> <DEG> PARAMETER <PSF"> 
NO. 

1 50.0 50.0 .o 26.5 .oo .o 
1 

2 120.0 130.0 .o 30.0 .00 .o 
1 

3 140.0 140.0 .o 26.0 .00 .o 
1 

4 140.0 .,_ . 140.0 __ ~-- \· _ -.1, .0 , .. , _18.0. . .00 . _ ........... . o _ 
~r...a~., .,.t-~-"' '"!.,..,. - .,a~~.4~L ,.JQ.JJL t-~19¢. . ~"'fi"'t.'.,.?_!I tf_~ ,;;f' • >-9 - ~ - -._• ~~~~ _lnR .,.,_. .• W'I. J 

5 140.0 140.0 .o 18.0 .00 .o 

1 

1 

1 

1 

1 

6 

7 

125.0 

125.0 

125.0 

125.0 

325.0 

325.0 

22.0 

22.0 

1 PIEZOMETRIC SURFACE<S> HAVE BEEN SPECIFIED 

UNITWEIGHT OF' WATER a 62.40 

.00 

.00 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

"POINT 
NO. 

1 
2 

X-wATER 
(FT) 

.oo 
543.00 

Y-WATER 
(FT) 

5.00 
s.oo 

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT 
OF .150 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE LOADING COEFFICIENT 
Of" .000 HAS BEEN ASSIGNED 

CAVITATION PRESSURE =-2115.0 PSF 
TRIAL FAILURE SURFACE SPECIFIED BY 9 COORDINATE POINTS 

POINT 
NO. 

X-SURF" 
(FT) 

1 153.00 
2 191.00 
3 224.00 
4 266.00 
5 277.00 
6 292.00 
7 315.00 
e 32s.oo 
9 341.00 

Y-SURF 
(f"T) 

40.04 
2!5.02 
24.02 
24.27 
43.50 
53.50 
72.:50 
82.50 

101.74 
U**"<<<< < 
******<<<<< 

CALLED PLTN - STBL 
RETLRl'ED FROft PLTN 

430 » »>~*** 
- STBI.. 430 >>>>>***#* 

FACTOR OF" SAFETY FOR THE PRECEDING SPECIFIED SURFACE• 1.141 

.o 

.o 
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JF:FACE 

1 \JO. 

( 1 

1 

1 

! 

I 

i 
{ 

1 

BOUNDAP Y COORDINATES ~\ t 
8 TOP BOUNDARIES 

15 TOTAL BOUNDARIES 

BOUNDAF:Y 
NO. 

X-LEFT Y·-LEFT X-·l?IGHT 

1 
2 
3 
4 
5 
6 
7 
8 
'3 

10 
11 
12 
13 
14 

(FT) 

. 00 
50.00 

250.00 
2'35. 00 
427.00 
440. 00 
462.<)0 
472.00 

.00 
52.00 

135.00 
1"35.00 
256.0<) 
404. 00 

(FT) 

2"35 . 0<) 
2"35. 00 
362. 00 
362.00 
450.00 
456.00 
464.00 
472.00 
100.0<) 
100.00 
200.00 
250.00 
300.00 
350.00 

15 492.00 350.00 
ISOTROPIC SOIL PARAMETERS 

~~ TYPE (S) OF SOIL 

'.3OIL TOTAL SATURATED COHESION 

TYPE UNIT WT. UNIT WT. I NTEF.:CEPT 

NO. ( F·CF) ( F'CF) (PSF) 

1 125.0 125.0 2000.0 

2 140.0 140.0 2000.0 

(FT) 

50.00 
250.00 
2"35. 00 
427.00 
440.00 
462.00 
472. 00 
4"33. 00 
52.00 

135.00 
l '35. 00 
256.00 
404.00 
4"32. 00 
4·33. 00 

FF: I CT I ON 

ANGLE 

(DEG) 

20.0 

35.0 

1 PIEZOMETRIC SURFACEC:S) HAVE BEEN SPECIFIED 

UNITWEIGHT OF WATER= 62.40 

Y-F:IGHT SOIL TYF'E 
(FT) BELOW BND 

2'35. 00 1 
362. 00 1 
362.00 1 
450. 00 1 
456.00 1 
464. 00 1 
472.00 1 
480. 00 1 
100.00 -..:;. 
200. 00 2 
250.00 2 
300. 00 2 
350.00 2 
35<). 00 2 
350.00 2 

PORE PRESSURE PIE 

PRESSURE CONSTANT S 

F'AF:AMETEF: C:F'SF ) 

. 0 0 . 0 

.00 • 0 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

X-WATER 
(FT) 

Y-WATER 
(FT) 

1 .oo 210.00 
2 135.00 210.00 

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM 
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED. 

200 TRIAL SURFACES HAVE BEEN GENERATED. 

20 SURFACES INITIATE FROM EACH OF 10 POINTS EQUALLY SPACED 
& I l"""\lo I - _., 1- ,-..,-.,..._,I II,. IT""\ r-. 1 ,,-,_ A ,-..,,- <r-,r--_.1 lr-9~ .. I 

• 
I 

• 
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-
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-
-
• 
• 
• 
• 
• 
• 
• 
• 
• 
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- l ·~~·-~0 SUPFACES INITIATE FPOM EACH OF 10 POIN TS EQUA LL Y SPACED ~ -~ 
ALONG THE GROUND SURFACE BETWEEN X = ~BtJ.00 FT. ~ 

AND X = 300 .00 FT. 

EACH SURFACE TERMINATES BETWEEN 
AND 

X = 430.00 FT. 
X = 460.00 FT. 

7/ 1_3 

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION 
AT WHICH A SURFACE EXTENDS IS Y = .00 FT. 

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE. 

RESTRICTIONS HAVE BEEN IMPOSED UPON THE ANGLE OF INITIATION. 
THE ANGLE HAS BEEN RESTRICTED BETWEEN THE ANGLES OF -30.0 AND 

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL 
FIRST. 

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD. 

FAILURE SURFACE SPECIFIED BY 24 COORDINATE POINTS 

POINT X-SURF Y-SURF 
NO. (FT) (FT) 

1 293. 33 362.00 
2 302.74 358.61 
~ 312.40 356.01 ~ 

4 322.24 354. 2 2 
5 ~~~ 1 '3 353.24 ~~~-

6 342. 1 '3 353.09 
7 ~=~ 

~~~- 16 353.76 
8 362.05 355.25 
9 371.78 357.55 

1<) 381 .29 360.64 
1 1 390.51 3 64.51 
1 ., 
~ 399.39 369. 13 

13 407.85 374.46 
14 415.84 380.47 
15 423.31 387. 1~ ~ 
16 430.20 394.36 
17 436.48 402. 15 
18 442.09 410.42 
19 447. 00 419. 14 
20 451 . 17 428.22 
21 454.59 437.62 
22 457.21 447.27 
~~ 
~~ 459.03 457. 10 
24 459.64 463. 14 

*** ~s ~ 2. 100 *** 

.0 DE 
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ZOMETRIC 

URFACE 

NO. 

1 

1 

1 

BOUNDARY COORDINATES 

1~ ~ TOP BOUNDARIES 
24 TOTAL BOUNDARIES 

BOUNDARY X-LEFT Y-LEFT X-RIGHT Y-RIGHT SOIL TYPC 
NO. CFT) (FT) CFTl CFT) BELOW BND 

1 .oo 295 .00 50.00 295 .00 1 
2 50.00 295.00 250.00 362.00 1 
3 2 50.00 362.00 295.00 362.00 1 
4 295 .00 362.00 427.00 450.00 1 
5 427.00 450.00 440.00 456.00 1 
6 440.00 456.00 462.00 464.00 1 
7 462.00 464.00 472.00 472.00 1 
8 472.00 472.00 493.00 480.00 1 
9 493.00 480.00 520.00 491.00 1 

10 520.00 491.00 553.00 491.00 1 
1 1 553.00 491.00 586.00 490.00 1 
12 586.00 490.00 600.00 485.00 1 
13 600.00 485.00 630.00 480.00 1 
14 .00 100.00 52.00 100.00 ~ 

~ 

15 52.00 100.00 135.00 200.00 2 
16 135.~) 200.00 195.00 250.00 2 
17 195.00 250.00 256.00 300.00 2 
18 256 .00 300.00 404.00 350.00 2 
1 'j 404.00 350.00 492.00 350.00 2 
20 492.00 350.00 493.00 350.00 0 

~ 

21 493.00 350.00 520.00 350.00 2 
22 520.00 350.00 553.00 350.00 2 
23 553.00 350.00 586.00 350.00 2 
24 586.00 350.00 630.00 350.00 0 

~ 

ISOTROPIC SOIL PARAMETERS 

2 TYPECS) OF SOIL 

SOIL TOTAL SATURATED COHESION FRICTION PORE PRESSURE 

TYPE UNIT WT. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT 

NO. (PCF) (PCF) (PSF) (DEG) PARAMETER ( PSF) 

1 125.0 125.0 2000 .0 20.0 .00 . 0 

140.0 140.0 2000.0 35.0 .oo . () 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

UNITWEIGHT OF WATER= 62.40 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

1 
? 

X-WATER 
(FT) 

.00 
1~~ nn 

Y-WATER 
CFTl 

210.00 
?1n nn 

, . 

,S,,3 

PIE 

C 
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1 

G. 

1 

135.00 
210 . 00 
210.00 

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT 
OF .300 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE LOADING COEFFICIENT 
OF .000 HAS BEEN ASSIGNED 

CAVITATION PRESSURE =-2115.0 PSF 
A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM 
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED. 

100 TRIAL SURFACES HAVE BEEN GENERATED. 

5 POINTS EQUALLY SPACED 
265.00 FT. 

20 SURFACES INITIATE FROM EACH OF 
ALONG THE GROUND SURFACE BETWEEN X = 

AND X = 285.00 FT. 

EACH SURFACE TERMINATES BETWEEN 
AND 

X = 590.00 FT. 
X = 620.00 FT. 

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION 
AT WHICH A SURFACE EXTENDS IS Y = .00 FT. 

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE. 

RESTRICTIONS HAVE BEEN IMPOSED UPON THE ANGLE OF INITIATION. 
THE ANGLE HAS BEEN RESTRICTED BETWEEN THE ANGLES OF -30.0 AND .0 C 

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL 
FIRST. 

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD. 

FAILURE SURFACE SPECIFIED BY 37 COORDINATE POINTS 

POINT X-SURF Y-SURF 
NO. CFT) (FT) 

1 285.00 362.00 
~ 294.71 359.62 k 

3 304.50 357.59 
4 314.36 355.92 
5 324.28 354.61 
6 334.23 353.66 
7 344.22 353.08 
8 354.21 352.87 
9 364.21 353.02 

11) 374.20 ~~~ 
~J~. 53 

1 1 ~Ad 1~ ~~d d1 
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POINT X-SU~:F Y-SU~:F 
NO. (FT) (FT ) 

1 285.00 362.00 
.-, 2"34. 71 35"3. 62 .::. 

3 304.50 357.59 
4 314.36 355. '32 
5 324.28 354.61 
6 334.23 353.65 
7 344.22 353.08 
8 354.21 352.87 
9 364.21 353.02 

10 374.20 353.53 
l 1 ' 384. 16 354. 41 
12 394.08 355.65 
13 ' 403.95 357.25 

--, - --14 - ~ - - - - 41..3.. 7G - --- - --35-9..-2-~-- -
15 ' 423.4"3 361.53 
16 433.12 364.20 
17 442.66 367.23 
18 452.07 370.60 
19 · 461.36 374.30 
20 
21 
22 

24 
.-.e 
.::...J 

26 
27 
28 
2"3 
30 
31 
32 

34 
35 
36 
37 

470.50 
" 47"3. 4"3 
488.32 
4 '36. "37 
505.42 
513.68 
521. T .J 
52"3. 55 
537. 15 
544.50 
551. 5 ,3 
558.43 
564. 9"3 
571.27 
577.27 
582.97 
588.37 
5 '31. 27 

378.35 
382.73 
387.43 
3"32. 45 
397.79 
403.43 
40'3. 35 
415.59 
422. 10 
428.88 
4 35. '33 
443.23 
450.77 
458.55 
466.55 
474.77 
483. 19 
488.12 
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l 

ZOMETF<'.IC 

URFACE 

NO. 

1 

1 
1 

--SLOPE STABILITY ANALYSIS-­
SIMPLIFIED JANBU METHOD OF SLICES 

IRREGULAR FAILURE SURFACES 

PROBLEM DESCRIPTION BERM 

BOUNDARY COORDINATES 

13 TOP BOUND AF.: I ES 
24 TOTAL BOUNDAF<: I ES 

BOUNDAF<:Y X-LEFT Y-LEFT X-F<:IGHT 
NO. C:FT) C:FT) C:FT) 

i .00 295.00 50.00 
2 50.00 2"35. 00 250.00 
.-, 250.00 362.00 2'35.00 ..::, 

4 2'35. 00 362.00 427.00 
5 427.00 450.00 440.00 
6 440.00 456. (H) 462.00 
7 462.00 4E,4.00 472.00 
8 472.00 472. (H) 4'33. 00 
'3 4"33. 00 480.00 520.00 

1 <) 520.00 4':H. 00 553.00 
l1 553.00 4'31 . 00 586.00 
12 586.00 4'30. 00 600. 00 
13 600.00 485.00 E,30.00 
14 . 00 1(11). 00 52.00 
15 52.00 100.00 135.00 
1 E, 135.00 200.00 1 "35. 00 
17 1 '35. 00 250.00 256.00 
18 256.00 300.00 404.00 
1 '3 404.00 350.(l(l 4'32.00 
20 4'32. 00 350.00 4'33. 00 
21 4'33. (H) 350.00 520.00 
.-,.-. 
.:a..::. 520.00 350.00 553.00 
23 553.00 350.00 586.00 
24 586.00 350.00 630.00 

ISOTROPIC SOIL PARAMETEPS 

.-, 

..::. TYPE(S) OF SOIL 

SOIL TOTAL SATUF.:ATED COHESION FRICTION 

TYPE UNIT WT. UNIT WT. INTEF.:CEPT ANGLE 

NO. (PCF) (PCF) (F'SF) (DEG) 

1 125.0 125.0 2000.0 20.0 

., 140.0 140.0 2000.0 35.0 -"-

1 PIEZOMETf.:IC SURFACE(S) HAVE BEEN SPECIFIED 

Y-f.:IGHT SOIL TYF'E 
(FT) BELOW BND 

2 '35. 00 1 
362.00 1 
362. 00 1 
450.00 1 
456. 00 1 
464.00 1 
472.00 1 
480.00 1 
4'31.00 1 
4 '31. 00 1 
4"30. 00 1 
485.00 1 
480.00 1 
1 00. 00 .•-, 

"::. 

200.00 2 
250.00 ·-

..;_ 

300.00 .-, 
..:.. 

350.00 :2 
350. (li) 2 
350.00 -

....::. 

350.00 2 
350,00 -•-, 

350.00 2 
350.00 ·-..::. 

POF.:E PF.:ESSUFE r=· H 

Pf.:ESSURE CONSTANT 

PAF<:AMETER (F'SF) 

. 00 • (J 

.00 . () 
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UN I TWE I GHT OF WA TEF.: = 62. 40 l 2/r i 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 2 COORDINATE POINTS 

POINT 
NO. 

X-WATEF.: 
(FT) 

Y-WATEP 
<TT) 

1 . <)() 21 0. <)(l 
. ___ 2 _____ ____ 13s • .oo _____ 2..1.0-..ao _ . __ 

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT 
OF .200 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE LOADING COEFFICIENT 
OF .000 HAS BEEN ASSIGNED 

CAVITATION PRESSURE =-2115.0 PSF 
A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM 
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED. 

140 TRIAL SURFACES HAVE BEEN GENERATED. 

20 SURFACES INITIATE FROM EACH OF 
ALONG THE GF.!OUND SURF ACE BETWEEN X 

7 POINTS EQUALLY SPACED 
= 280.00 FT. 

AND X = 3 1 c) • (H) F T • 

EACH SURFACE TERMINATES BETWEEN 
AND 

X = 570.00 FT. 
X = 610.00 FT. 

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION 
AT WHICH A SURFACE EXTENDS IS Y = .00 FT. 

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE. 

RESTRICTIONS HAVE BEEN IMPOSED UPON THE ANGLE OF INITIATION. 
THE ANGLE HAS BEEN RESTRICTED BETWEEN THE ANGLES OF -30.0 AND 

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL 
FIPST. 

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD. 

FAILURE SURFACE SPECIFIED BY 36 COORDINATE POINTS 

POINT X-SUF.!F Y-SURF 

• 0 DE 



FAILURE SURFACE SP ~C[ FIED BY 36 COORD[NATE PO IN TS 

POINT X-SUPF Y--SUF::F 
NO. (FT) (FT) 

1 2'30. 00 362.00 
2 2'3'3. 82 360. 14 
3 309.71. 358.61 
4 319.64 357.42 
5 329.60 356.56 
6 33'3. 5•3 356.05 
7 349.58 355.87 
8 359.58 356.04 
'3 36'3. 57 356.54 

10 379.53 357.39 
11 389.46 358.57 
12 3 1:1'3. 35 360.09 
1.3 40'3. 17 361. '35 
14 418. _93 364. 14 
1.5 428.61 366.66 
16 438.20 36'3.50 
17 447.68 372.68 
18 457.05 3 76. 17 
19 466.30 37"3. '38 
20 475.41 384. 10 
21 484.37 388.53 
. -.. -. 
.::.~ 4':13 • 18 3 133. 25 
.-,-, 
~::.,.,;:; 501.83 3"38. 28 
24 51 o. 30 403.60 
.-,~ 
.::. .J 518.58 40'3.21 
26 526.67 415. 0':;J 
27 534.55 421. 24 
28 542.22 427.66 
2 9 549.66 434.33 
30 556.88 441. 26 
31 563.85 448.43 
32 570.58 455.82 
33 577.05 463.45 
34 583.26 471. 2"3 
35 589.20 47"3. 33 
36 5'34. 45 486. '38 

::i::*:* t:S.:. 1. 254 :t;::j:::t 
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TABLE 9-2 
Rui1tanu of Earth Dam Embankment Materials to Piping and Crocklnt 

CLE~ SQUARE OPENINGS 
4• 3"2i.z" 11i ,· , .. ,,. ,,. 4 

US STANDARD SIEVE NUMBERS 
8 10 16 30 40 50 70 100 200 

HYDROMETE,. ANALYSIS 

100 
7~ I I I I r -~. I r- --1· ,7-~ ..... ~ ' - ... 

."" .... ,... ... ,.... 
~ ·, 

I'' "' "" "" -PIPING ' 
~ ... ... ~ ~ 'I RESISTANCE (D .. , ~ ..... ..,. 

',,, "0 ""'"' Y. ~~ ' 
80 

' 'r--. ' V fi " 
I 

' r-... / i,-- TYPICAL G,.AOATION FOR 
' .,.. .. PIPING RUIITAHCE Q) _ ... .... ... 

~1 V ', I',• j .,_...- ~ I I~ I I ..... .... .. ..... PIPING ' 
, 

a: 
l&I z N / ~ VULNERABLE TO RESISTANCE (2) ~ ' ,.. ' ,. 

-- ' , D&, "ING 
i.: 
~40 z .... 
(,,) 
a: .... 
Cl. 

20 

0 
10086432 

"I./ "' -, 
~ V "~ ' 

.... ... 
'· 

.,__ ' ........ ~---
""' ........ .. I~ r..: .. -. --.. ' ~ 1 ..... ~ 

10 8 6 4 3 2 I 8 6 4 3 2 ., 8 6 4 3 2 
GRAIN SIZE MILLIMETERS 

.01 I I 4 3 2 .001 

C086LES 
COARSE FINE COARSE MEDIUM FINE 

~--G-R_A_V.,__E_L--+-----'--S-A,-i'I-D---'----< SILT OR CLAY (PLASTIC OR NON-PLASTIC) 

Careaory 

Pipina resistance: 

G) 

Crackina re1i11ance: 

@ 

® 

© 

MaieriaJ 

CL aad CH with Pl > 15, well 
graded SC with Pl> 15. 

CL and ML with Pl < 15, well 
graded SC and GC with 
15>Pl>7. 

SP and unifonn SM and ML 
with Pl < 7. 

CH wiah D50 < 0.02- aod 
Pl> 20. 

GC, SC, SM , SP with 
D50 > 0. 15mm. 

CL, ML and SM wilh Pl< 20, 
0 . IS mm > D~ > 0.02 mm. 

Characteristics 

Greateat resistance to piping, small •lld medium con· 
cenuated leaks will heal themselvea. Embankment may 
fail as a re1ult of elowlv progressive rlrina caused by 
leak ol abour 1/2 cfa. 

lntermecfjare resistance to piping. Safely. resi1u 1arura· 
tion of lower portion of downstream •lore indefinitely. 
May fail enntually a1 a re1ult of eroalon caused by a 
small concenuaied leak or by progreul ve 1loughing. lf 
a large leak develop,, piping cause, failure in a short 
lime. 

Least resistance to piping. Usually fall, In a few year• 
after fiu1 reservoir filling if seepaae i1 able co break 
0111 on down1ueam • lope. Small conc•ntrued leak on 
downstream slope can cause failure in a 1hon period of 
rime. Hiah de111ity from compa ction increues resill· 
ance significandy . 

Hiih po11con1uuclioa nule-nt , part icularly If coa-

pac1ed dry. Has sufficient deformabili1y 10 undergo 
large shear 1uains from differential • elll•ment without 
cracking. 

Small po11coo11ruc1ioa settle-nt . Linle chanc~ for 

cracking unless poorly compacted and larae seulemenl 
is imposed on embankment by consolidation of the 
founda1ion. 

Medi,.. 10 hiib po1tcon1truc1ion set1le-n1 allJ •uh~••· 
ble 10 crackina. Should be compacted u .,.et as poasi· 
ble con1i s1en1 with strength rcquiremen11. 

7-9-5 



-- Theo<eti~I 
- - From model (VISCOUS Huid) 

C i . .. 
X•O (a} 

lue width ol model• lS . O in . (JIO -> 

• 
I 
.! 6 •s M 
'Ii 

31J I· 
2 15 

41 

A" 
0 IJ 0 
X•O lb} 

AG. 1.-Comparlaon of Phrutlc: Surfac:a between Theory and lllodel: (a) Prog­
reaa of Phreetlc Surface; (b) Hydraulic Gradient end Time for Saturation at a... 

The time required for a phreatic surface to advance a given distance 
along the base can be determined by 

Al 
tl.t = - . . ........ . ......... . ....... . . . . . . ..... .. .... . .... .. .... (1) 

ll, 

in which At = time increment; A/ = incremental distance traveled; and 
I', = seepage velocity. According to Darcy's law 

ki 
ll, = - ... . .. . .... . ...... . ... .... .. . .... . . .. ..... . ... .. .. .. , . . .. (2) 

11, 

in which k = coefficient of permeability; i = hydraulic gradient; and n, 
= effective porosity, which includes the air void but not the water that 
cannot be drained. Substituting Eq. 2 into Eq. 1 

n,Al 
ill= ki ..... .... ........ .. ...... .. ... ... .......... ..... .... .. (3) 

Because the hydraulic gradient is not uniform along the base, the dis­
tance x traveled must be divided into a number of equal increments, A/, 
as shown in Fig. l(b) . For each increment, the average hydraulic gradient 
is determined from line AA' . The time required to advance a given dis­
tance x, as indicated by line BB' can be determined by 

I = ,, A/ = L n,AI = n,AI L ! 
.t..Ll ••• • . ••• •• • ••••• • • • • •• •• • ••. •••• • ••• (4) 

ki k i 

x/~l 
(1) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

20 . 0 

0 10 . 

s. 

2. 0 

0 

s 

o. 2v 
0 . 1 

TABLE 1.-Tlme-Dlatance Rel1tlon1hlp 

x/h ' (sec) T 
(2) (3) (4) 

0.77 0.22 0.07 
1.54 0.73 0.24 
2.31 1.80 0.59 
3.08 3.% 1.29 
3.85 8.27 2.70 
4.62 14.5 4.73 
5.39 23.3 7.60 
6.16 34.0 11.l 
6.93 45.0 14.7 
7.70 56.9 18.5 

-L---' ~ -
-

II 

/ ., 
J/ Phreat i c surface 

at tiae t 

~ j. ,r 
II' 

h I ~~ ~ 

~ I .~ 
I I ' ' I I I 

3 4 5 6 8 

X 

h 

FIG. 2.-Relatlonlhlp betwNn Olmen1lonle11 Time and Olmen1lonle11 Distance 

35 ft 

(10 . 7•) 

-~-~-........... ....; -- .. 
Unsteady sta te 7·-: .. ::.:..,········· 
at end of 5th year --.... · ·· · · · •·· ............. ........ 

233 ft 

(71. o • l 

AG. 3.-Locatlon of Phreatlc Surface 
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in which i = the average hydraulic gradient for each increment. 
Line BB', which is based on a pool depth, h, of 1.94 in. (49 .3 mm) and 

given values of n, and k, can be applied to other values of h, n,, and k, 
as long as the upstream slope is 2: 1 (horizontal to vertical). This can be 
achieved by changing Al and t to dimensionless terms by converting Eq. 
4 to 

kt Al 1 
T= - = - 2-:- ... ...... ........ .. .. .. ...... ....... .... ... .... (5) 

n,h h , 
I 

in which T = dimensionless time; and fll/h = dimensionless increment. 
To convert t into T, it is necessary to know k/~. The hydraulic gradients 
at the six intervals of Al, as measured from line AA', are 10.7, 4.7, 2.2, 
I. 1, 0.55, and 0.38, respectively. From Eq. 4 with t = 14.5 sec, as ob­
tained from line BB', and Al = 1.5 in. (38 mm), n,/k = 14.5/(1.5(1/10.7 
+ 1/4.7 + 1/2.2 + 1/1.1 + 1/0.55 + 1/0.38)) = 1.58 sec/in. (0.062 sec/ 
mm). Due to the difficulty of measuring the time accurately from line 
BB', Eq. 4 was used to determine the time when t < 14.5 sec. When t 
2!: 14.5, the time was measured from line BB'. The time-distance rela­
tionship is shown in Table 1. Note that x/h are obtained from x/Al and 
T from t by 

X Al X X - = - - = 0.77- .. .. . . ... . ... . . . .. ... . . ..... .. ... ... .. .. . .. . . . (6) 
h h Al Al 

kt t 
T = - = --- = 0.326t .. . . . . . . ... . . . . . .. . . . .. . ....... .. .. (7) 

n,h 1.58 X 1. 94 . 

Fig. 2 is a plot of dimensionless time, T, versus dimensionless dis­
tance, x/h . At any given time, t, the distance x can be determined from 
Fig. 2 and the phreatic surface located. It should be pointed out that Fig. 
2 is valid only with cases involving an upstream slope of 2: 1 and a hor­
izontal impervious base. However, it can be applied to other cases with 
conservative results, as will be examined later. · 

EXAMPLE 

Fig. 3 shows a temporary dam with a horizontal impervious base. The 
soil in the dam has a permeability of 3 x 10-7 ft/sec (2.7 '>< 10-5 cm/s) 
and an effective porosity of 0.2. If the dam is used for only five years, 
determine the location of the unsteady state phreatic surface at the end 
of the 5th year. Given t = 5 yrs, k = 3 x 10- 7 ft/sec = 9.5 ft/yr; n, = 
0.2 and h = 50 ft; T = 9.5 x 5/(0.2 x 50) = 4.75. From Fig. 2, x/h = 
4.66, or x = 4.66 x 50 = 233 ft (71.0 m). The location of the phreatic 
surface at the end of the 5th year is shown in Fig. 3 by the dashed line. 

It will be interesting to see how the design life affects the safety factor 
of the dam. If the dam is permanent, the phreatic surface will finally 
become steady state, as indicated by the dotted line. By assuming that 
the soil has an effective cohesion of 200 psf (9.6 kN/m2

), an effective 
fri ction angle of 30°, and a mass unit weight of 125 pd (19.6 kN/m

3
), 

the factor of safety obtained by the REAME computer program (2) based 

96 
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.... .... 
', 
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' 

(a) 

~ 
(c) 1-- x I 

---- - ------ --

---- X --~', .... ............... 
(b) 

l-x- (d) 

FIG. 4.-Appllc:atlona to Special caaea: (•) Sloplng BaN; (b) Soll Foundation; (c) 
Flatter Slope; (d) Steeper Slope 

on the simplified Bishop method and the steady state phreatic surface 
is only 1.178. If the unsteady state phreatic surface is used, the factor 
of safety is 1.544. 

ANALYSIS 

The method presented is based on the results obtained by Cedergren 
for dams with a horizontal impervious base and an upstream slope of 
2 : 1. For dams with other configurations, the procedures shown in Fig. 
4 can be used. If the impervious base is not horizontal or the dam is 
placed on a soil foundation, an imaginary horizontal base is assumed 
and the method applied as usual. The extra flow region below the im­
aginary base will lower the phreatic surface, so the assumption of a hor­
izontal base is on the safe side. If the slope is flatter than 2 : 1, a 2 : 1 
slope is drawn from the pool elevation; if the slope is steeper than 2 :1, 
a 2: 1 slope is drawn from the toe . In both cases, the hatched portion of 
the dam is considered as water instead of soil, and the method is applied 
as usual. The replacement of soil by water will cause the phreatic surface 
to rise and is therefore on the safe side. 

In the development of Fig. 2, the value of n,/k used for obtaining line 
BB' in Fig. 1 must be determined. Although a great care has been ex­
ercised in measuring the hydraulic gradients from line AA', the value 
of n,/k may not be very accurate . However, even if n,/k or Fig. 1 is not 
accurate, the procedure for extending Fig. 1 to Fig. 2 is still valid and 
can be applied once more accurate solutions are obtained. 

SUMMARY 

A simple method was developed for estimating the unsteady state 
phreatic surface in earth dams as a function of time. The method is use­
ful in the steady state analysis of temporary earth dams where the steady 
state phreatic surface may not develop during the life span of the dams. 
Although the method is based on transient flownets and yields only 
approximate results, the uncertainty in determining the permeability and 
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1 
1 

--SLOPE STABILITY ANALYSIS-­
SIMPLIFIED JANBU METHOD OF SLICES 

IRREG ULAR FAILURE SURFACES 

PROBLEM DESCRIPTION 

BOUNDARY COORDINATES 

5 TOP BOUNDARIES 
5 TOTAL BOUNDARIES 

BOUNDARY X-LEFT 
NO. <Fn 

1 .oo 
2 200.00 
3 260,00 
4 280.00 
5 340.00 

BASIN 

Y-LEFT 
(FT) 

40.00 
40.00 
60.00 
50.00 
40.00 

ISOTROPIC SOIL PAFMMETERS 

1 TYPEC:S) OF SOIL 

X-RIGHT 
C:FT) 

200.00 
260.00 
280.00 
340.00 
400.00 

SOIL TOTAi_ SATUF:ATED COHESION FRICTION 

7/~ 

Y-RIGHT SOIL TYPE 
(FT) BELOW BND 

40.00 1 
60.00 1 
60.00 1 
40.00 1 
40.00 1 

POF.:E PF.:ESSUF.:E F' I I 

TYPE UNIT WT. UNIT WT. INTERCEPT 

(PSF) 

ANGLE PRESSURE CONSTANT 

NO. (PCF) (PCF) (DEG) PARAMETER CPSFl 

1 120.0 125, 0 C :: 1150, 0 .00 • (I 

1 PIEZOMETRIC SURFACECS) HAVE BEEN SPECIFIED 

UNITWEIGHT OF WATER= 62.40 

PIEZOMETRIC SURFACE NO. 1 SPECIFIED DY 4 COORDINATE POINTS 

POINT X-WATER Y-WATEi<: 
NO. (FT) (FT) 

1 .oo 40.00 
.-, 
L 200.00 40.00 
3 280.00 60.00 
4 400,00 60.00 

A HORIZOt'.JT,~L E~F.:IH~UAl<E ~Oi'\_D_ING COEFFICIENT 
OF .150 HAS BEEN ASSIGNED 

A VERTICAL EARTHQUAKE LOADING COEFFICIENT 
OF .000 HAS BEEN ASSIGNED 

CAVITATION PRESSURE =-2115.0 PSF 
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G. 

1 

L, M V J. I M I .1. W I ~ f I~. l-... J _J WI ' L - - ,.,_ l. J. -J • ' - ' I .....i 1 

A CRITICAL FAILURE SURFACE SEARCHING MET HOD , USING A PANDOM 
TECHNIQUE FOR GENERA TING CIRCULAR SUPF~CES , HAS BEEN SPECIFIED. 

100 TRIAL SURFACES HAVE BEEN GENERATED. 

10 SURFACES INITIATE FROM EACH OF 10 POINTS EQUALLY SPACED 
ALONG THE GROUND SURFACE BETWEEN X = 170.00 FT. 

AND X = 230.00 FT. 

EACH SURFACE TERMINATES BETWEEN 
AND 

X = 240.00 FT. 
X = 310.00 FT. 

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION 
AT WHICH A SURFACE EXTENDS IS Y = .00 FT. 

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE. 

RESTRICTIONS HAVE BEEN IMPOSED UPON THE ANGLE OF INITIATION. 
THE ANGLE HAS BEEN RESTRICTED BETWEEN THE ANGLES OF -40.0 AND 

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL 
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL 
FIRST. 

f"JAFETY FACTOF~S ARE CALCULATED BY Tl1E MODIFIED BISHOP METHOD. 

FAILURE SURFACE SPECIFIED BY 17 COORDINATE POINTS 

POINT x-su~:F Y-SUF~F 
NO. (FT) (FT) 

1 170.00 40.00 
2 178.2E, 34.37 

_____ 3 _ _____ 1az....D2 __ ______ 2:3~53 __ _ 

4 1'36. 1'3 25. 54 
5 205. E,"3 22.43 
6 215.44 20.22 
7 225.36 18. "34 
8 235.35 18.60 
'3 245.34 1 "3. 1 "3 

10 .-.~c- .-...-. 
4...J;;J. 4,(.. 20.72 

11 264.91 23. 17 
1 .-, 

4 274.34 26.51 
13 283.40 30.73 
14 2"32. 04 35.78 
15 300. 16 41.62 
16 307.E,9 48. 1 '3 
17 30"3. 55 50. 15 

*** 
C 1. 802 **:t: I 

FAILURE SURFACE SPECIFIED BY 16 COORDINATE POINTS 

POINT X-SURF Y-SURF 

• 0 DE 
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IIY_~_Cl '1 ____ DATE __ "?.}t.zL~--
CHl('D_~_ DATE_ 7'.\~_~_t; _ 

FRED C. HART ASSOCIATES, INC. 
SHEET 17 

_J__Qf_~-~ 

SUBJECT __ _l_R_g"!_~C_!?_-_ /,)£.QI~.:.!.6!_;.f ~_~l!!t~~:;_ ______ ______ JDII NO. _ _B:J'!I_ ___ _ 
_____ TRAPSM~S!VLV ___________ ___________________________ _ 

-------------------------------------------------------
PRoBL t/\11 ST,rrE MEN, 

DET£RM1Ne. IF Tt-1£ Tf~1VSr~11S..fNJT'/ o F ,f/JT 6catV~ IS EQvtvALt:/4'J 

To /"2, INCl-i€S ol=SA;VD /Ji /X/0-~ C.M/SEG 

As.sufl1PTIDNS. 

• DETE"ffYl1NF ,=of{ ~LArrtsr S.u~t (3H: I\J) 

" A~$VM~ /00 Pro~ ov€RgvrP.~t;IIJ A, loo PI/: A)~ .So/L./w.Jrrrc ~/J..1,_ (c uJJJE(v4r,.J 

• (.Js t: PoL '/-NET PN- 3000 

S0LvT10N 

\Z'' : 
,~--+-- l=loW 
' 

LD At:> ~ loo FT ( \OO ~c.F) 
LoA t> -:. \ 0000 f)S F 

\-l 'iD~A\JL\(... &tAP\EN,, i = 1/-3, : O. ~3 

FtoM ?c,1...--4-+Je'r TtANSM l.U IV IT'-/ ( µ,4ieT 

/µrr-= 4,S'(\0-<1 M3/S./M w1cr;I ( 
39

'~
7 

"")
3 (3~,3/li.Jl 1

~) 

'Na-; 6.93 IN-
3 /sc( / Pi wtt:m-\ >) lsA..Nu = o. \o,7-1t/

3
lsEL/Fr wr~rl/ . 

L CiJ CLUS!CN 

11-1, -rRANSM1~1v1TY OF7HE &EoNrr £X(EE os 71-1F TRANs111 ,s.s1!/1ry 

CF Tf.lE 12.!N S)ND Ov£f< . ~ET::. e.q'3 ,~~'-/FTw\J)TH),),O.\q'2.'N-31sn./r.,..N•C;Tli 
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TRANSMISSIVllY 
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CJ) 
CJ) 

~ 
CJ) 
z 
~ 
I-
u 
...J -
:::, -
<t: 
a: 
Q 10·4 > 
I 

1 o-s 
0 .2 

INSTALLATION METHOD 
CLAY SU BG RADE 
GEOTEXTILE (TREVIRA 2125) 
POLY•NETANl> eo MIL LINEA 

,_ ,...._ ..__ 

-
-

-

-

HYDRAULIC PRESSURE 

.10000P.S.F. 

PN-3000 
I I I 

PN-1000 
PN-2000 

.4 .6 .8 1 .0 1 .2 1 .4 1 .6 1.8 2.0 

HYDRAULIC GRADIENT (i) 

[NJ~~ NATIONAL SEAL COMPANY 
600 N. FIRST BANK DRIVE 
PALATINE. ILLINOIS 60067 
800/323-3820 
312/991-6926 
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STRESSES ON LEACHATE PIPES 
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L INfR > AM:. 8)T~ E' ?\I(.. P, µE.. 

As.$ur,A'PT'10NS Ari.ID Rt:.i=t~E.iUc.ES 

• As.svME" A MAi1MvM_ 'fQ\J1-01-,ENT" L o~":; of= A t>8L DoZFI<. (c o NSr:P v;J T 111c) 

• As.s.uMC: 11;-\t MINI /½u/\-1 SANI:) LA'IER T+\ll\c.NE.li oF IS 1Nu11:S. 

'4.~Suiv; A 2.: \ s,..o~s..s t) 1 ,S-"< 3V.,..10.Y,. 

• 1) Ct:: i=- L· j::;-r r , ._ ~o .. -: I ·- -{:: ... r.--L;: : • ,=- j , - , ,,. . : . / : , , /1 ... i n,v ._. ~ - - - r - L ~ , ..-, ✓ ~ _ _ ...1 ~ '.J , , 

• Rei=. - ( ... h·c_:p_c ,L • . t.';.. ~E,~ORMf!,/.J(.,r: µjJJt:iiS001c.. J /(, -r1-1 rD,r1•uJ 

- R i:.i='. - So, 1.. r-A£c.~ANIW , PE~LO Ff:. J.A/u ~A,eo /\/) p. r9q 
• K~. - N/P4K'..pi'pe Enj,'11 ea1".Jf'l~t111a.l 
. ~~- - ESLON Ptf'IN~ P.€0~,.s 

---~------ ---,-

a" 1 
.S'' SAND 

~~- j O ) __ _,._._,_ _______ -----4 6o MIL \-\I)~ ( 0. 08 IN 
- ---- ------- --r 

. 3
1 

RECoMP.AC1FD U..A'f 

i 
-------//-=~~~:---- ~ 
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FRED c. HART ASSOCIATES, me. 
SHEET II 

-~-OF_?_~ 

SUBJECT ___ ff!:Q\.f.J,.Q.::_f;>_§_g~{:;_(Y_J}J(..4_!__ /}_,1l_J:_J_Jf/J ___________ JOB NO. _ 8 51/ ___ _ 

------- S,Rf"SS Due TD E.{J)y ,Pl11c~vr A/vL 01./iP..i.,•JRkEH ------------- ---
------- Sc. ~eD0Li: ao c •/c.. c.1~1: ______________________________ _ 

b8L Dozcg 
<" - r 

\1-h 'i:,TW. OF ..;.TA>J .DARD 1• QA( I(. .:..1-J-:iE = Z. '2 IN, ,,_ l, 9 3 l=T. 

LEN6THcF 7ia.( !:.. I)!'/ :SR'JI//.IC= /0'6.5.IN-:: 1'2.(o,S/A/. ""/0.54 F-r. 

O~E.i<A.,..1t,i0 We.,&~T: Bz.,489 La. 

G,QouiV D LoNTAcr Ae fA ~ 5Slo"' /N1. (z.. ,RAO'. .. s.) 

Si.~aq =- 14.8'2.. Rs.\ 
5Sb6 

U S.E. '2.o PS\ 

L J 
.b'l.' lo.54 

Q' - c.OPs1(0.S3'2\ Ll"lER - J 

UL\Nt.R.- = lo. 64 P.S I 

SETTLE f\AE'NT 

L= lo.S4+-z.(.<o2)-: n.6' 
8:t, 83T'2.(.r.,-z.)-:: 3.l' 

L/s:: "'3. 8 \ 

Cs-=l.91 8,1 L, NEAR 
/ Al rER po LAT/ 0 IV 

Asu'2FAct:. 'c.c(lc.'=1,5)/144 
AL,NE(l = (-z.:2+1sXr2b.s11s)/144 

{PERLofF ~ &l:JN 1 [ Kt, T#8l E ~-1 F-' ·.,'_ 
( F,_1 1-:-;-R ~ F- ~ ~;1 JC, / : er.) ,, ;) :­
Svjfhc O F £ L) ST1L '--)L,=- :_1;t ,, ~ . 
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A) 

p
0 

... • oo4S i=-T 

pr::,-=- .os4 IN 

2 

' , s,w I :Z,2. lti -J.-~-A' 
- L~-.. "!."l IN . "'-- - · - - --- ·-- --·- /. 

----..... ........ I. as , ~. .,,., / -- - ------LF 

~ \ . '\J <.. [ 1. ~ + ..J ~'(1.q1. ] 

Li:-=- -iJ 4~'+"('1. + ~ In '1 

Y- -:: • OS > ~ -=- 3-, h ... = I 8.5 

LF ~ ,\8,Soo + 34-z2.s lo.oos4) 

l f = "37 /N . 

Li L = Lr- LF ~ 0 

S~A 1~ -:: D. L / L ~ O 
, 

0° 0 f"11('J1f'll,4,t... S.TJc.E~ INDVlEC. 

I 

' ' 115 IN, 
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B) 
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l"o~ c,i=- 0./ c..(B2.) .<o7' 14.98 + .58 

is O'iTDN\ o~ l>-J(.. ( 83) \ I \c. s\ , .ITT_ 
I 

I 
TDQ o.: L1Nfe.(B4) \:'51 10,b4 

I \,oe I 

-P1~'E bt:FltGTION 

wHEl2t 't"' So\l PfrVS JT'f 
F .._ N oDVLUf oF tL.A rr, (. IT'{ Of- v,~e­
p ~ P~ISM LOA D ,:: ?f H 

)I_ =- \SEl)DJNb C0N n11;,, T 
f:'=- MoOuLUf Oi= 5:o((... f iAlTIO,A.) 

D :: DEFLtC.110/V LA'=7 ~lt(,OR. == I.SO 

\ s lN . SMJj) 

= 

z.o I 

= 
\S.S~ 

\3.38 

\ t.·n. 

W.--=- t:,\MO\SIO,V RA-TlO =- OVTS\\Jc D\A./n1 
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'6 = \ c..S ?c.F 

Es 4. 2. l-,oS ~.s, 

~ -a \ S. S 6 ?.$ f 

( Sc.J~ov\e. 9:> l=>\I(. f IOfl,'\ R. S) c:r.t1e. ttkv-Ltt,r,~) 

( lo ~E'/!.VATI Ve' 

f'= 3000 PS\ C.oaf1~-S}fC\.il\aj.SOt\>ee"('\1 >7o .. r~ 

L ~ /, 5o +or pol'/ e.:+h'f lene. (N1PAK..) 

~· "2. '2.o Wtt.r ~\ ~ CiC).cJ ,c_~ ;.. q 

v.re t) .. \.So o,-. c} t:. o.. lo 

DR-=- 4.soo/. 337 = r3 .35 

I. So ( o.. 10X1 S .S'=:i) \ oo 

-~)(\~~f Dbll3boo) 
3(\3.~-l '' 

= o.,oA % LL I% ~ 

APE DEr=L£C.,TloH .IS- ToLeRAM£ FRoM A Ptf£ C/Uf 1-/!N& . 

.STAN.D?ot NT. 

(Bu/sort -te~+J 
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B) DETc~MlNI= /F- I0OF'r. 0~ ovfRav~Dt/lJ (Y,/,~f:loF P,, ,;,t- If" ,P(U;~,,.J.!.tt?. 

?-=- ?f\.-\ =- I -zs ?cF( looP'r'"/..ZNJ7·=- 8b.8 f'.SJ 

· _ 1.ro I 0,10 Y(J.~ ~),~o 
?\~E bEFLtl..TION-:.. z(4,Z1.toS) ( ) 

3 (\3 ,3.5-\ ,3 + ,Ob\ 3000 

~ '3. q_?. •/... L 7 % o.J:_ 

PIPE' .DcFL6:C.ilON IS roLEP.A~Lt F~o/o-1 A- r1PE Cl.u!"I-//N& 

!TAMD-?otNr. 
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Selection Data -Hi-Strength Schedule ~O™ PVC Fittings 

Compressed Air or Gases Chemical Resistance of PVC 
R&G Sloane strongly recommends against testing assembled Weak acids Resistant 
PVC piping systems with compressed air or other compressed Strong acids Resistant in most situations 
gases and against using PVC systems for distribution of Weak bases Resistant 
compressed air or gases. Strong bases Resistant 

Solvents Resist alcohols, aliphiatic hydrocarbons, and oils. 
Soluble or swell in ketones and esters. Swell in 

Phr.slcal & Thermal Properties of Polyvinyl 
aromatics. 

Halogens Attacked by elemental halogens. Resists water 
Ch oride(PVC) Pipe (Sffno1e#2betow) solutions. 
Specific Gravity 1.4 
lzod Impact Strength (ft lbs/inch of notch) 0.8 Sample Specification for PVC Schedule Tensile Modulus, psi 4.2x 1()5 
Ultimalte Tensile Strength, psi 7200 80 Pressure Fittings and Pipe 
Working Stress @ 73°F, psi 2000 PVC Schedule 80 pressure fittings shall be manufactured by 
Working Stress at Upper Temperature limit , (140°F) psi 440 R&G Sloane and to the requirements of A.STM 0-2464 
Hazen & Williams "C" factor 150 (threaded type) and A.STM 0-2467 (Solvent cement socket 
Coefficient of Linear Expansion 1 o-s in/inl°F 3.0 type) except that the socket wall thickness of socket type 
Thermal Conductivity BTU/hr/ft2/inl°F 1.10 fittings and the socket wall thickness over the threads of 
Upper Temperature Limit 140°F threaded type fittings shall be at least 125% of the wall of the 
Flammability- Burns only when in contact with equivalent size of Schedule 80 pipe, and except that the body 

ignition source. wall thickness shall be 150% of the wall of the equivalent 
Scheudle 80 pipe. All internal threads shall be machine tapped 
to the requirements of ANSI 82.1 . The quick burst strength of 
the fittings shall be equal to or greater than the burst strength 

PRESSURE RATING VS. SERVICE TEMPERATURE 
of the equivalent Schedule 80 PVC pipe. Shall be made of PVC 

PVC SCHEDULE 80 PIPE 
12454-8 or better. 

73"f' 110°F goof 1000f 110°F 120°F 130°f 140°F 
Nom. Outside I ,. 1 I z 0.111- I,. 0.75 I ,. 0.12 I,. 0.50 , _ 0.40 I• 0.30 , .. 0.22 
Size Dia. Wail OR•~ s .. 200Cl S • 171(1 S • 1500 S • 124~ S • 1000 S • 800 S "'800 S = 440 

p p p p p ~ p p ,,. .405 .095 4.623 1230 1082 923 763 

"• .540 .119 4 535 1130 994 848 701 
615 492 369 
565 452 339 

271 
COMSTOCK CORPOI 249 IA JION ' 

PIKE ¾ 675 126 5.357 920 810 690 570 460 368 276 202 1309 WEST CHESTE ~ ,,,, 840 .147 5.714 850 748 638 527 425 340 255 167 
1/• 1 050 .154 6.818 690 607 518 4?A 345 276 207 l'i? P.O. BOX 141 '' 

1 1 315 179 7.346 630 554 473 391 315 252 189 139 WEST CHESTER, PA 
1'1• 1 660 .191 8.691 520 458 390 322 260 208 156 114 

SALES OFFICt 1½ 1.900 .200 9.500 470 414 353 291 235 188 141 103 

19380 

2 2.375 218 10.894 400 352 300 248 200 160 120 88 (215) A~~• 
2½ 2.875 .276 10.416 420 370 315 260 210 168 126 92 
3 3.500 .300 11 .666 370 326 278 229 185 148 111 81 
31;, 4.000 318 12.578 350 308 263 217 175 140 105 77 
4 4.500 .337 13.353 320 282 240 198 160 128 96 70 
5 5.563 .375 14.834 290 ? ... : 218 1AO 145 116 87 RA R & G Sloane 
6 6.625 432 15.336 280 246 210 174 140 112 84 62 Manufacturing Co., Inc. 

P= 
2St 2S D = Outside Diameter Pipe (inches) -- = -- = P73"Ff Loi Angeles- Factory 0-1 DR-1 t = Pipe Wall Thickness (inches) 

P = Pressure Rating of Pipe at Service f = Oerating factor for service temperature Customer Service Center 
and General Offices Temperature (PSI) DR = Dimension Ratio = O/t 
7660 N. Clybourn Avenue 

S = Hydrostatic Design Stress (PSI) P13"F = Press. Rating at 73°F Sun Valley, California 91352 

NOTE: 1) Figures for Pressure Rating at 73°F are rounded off from actual calculated values, and (818) 767-4726 

are the same as found in Table X2 of A.STM 0-1785. Pressure Ratings for other 
Cleveland- Factory temperatures are calculated from 73° F values. 

2) Pressure Rating values are for PVCI pipe, and for most sizes are calculated from the Customer Service Center 
and Sales Office experimentally determined Long Term Strength of PVCI extrusion compounds. 
6100 Hillcrest Drive Because molding compounds may differ in long term strength and elevated 
Cleveland, Ohio 44125 temperature properties from pipe compounds, piping systems consisting of extruded (216) 524-8600 pipe and molded fittings may have lower pressure ratings than those shown here, 

particularly at the higher temperatures. Caution should be exercised in design of 
systems operating above 100°F 

C 1984 R & G 5io- Manufacturing Co., Inc. 

Form PVC-1-84 Litho in U.S.A. 11/14 
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96 Buried Structures 

Noting that e, = p/E,, we get 

6X = 5pR/ E,, (4.28) 

which gives a value for 6X about 25~~ greater than the approximate equation 
(4.23). 

Returning to equation (4.14~ an often-used rearrangement is 

AX Ya Yr U.-: (4 29) 0 = El/R3 + 0.061 E' , . 
where E' = kR. This was suggested by Watkins and Spangler [4.5]. who 
pointed out that kR was dimensionally correct, and similar to the compressive 
modulus of elasticity of soil - a pipe-soil interaction modulus in fact. 
Further, El/ R 3 can be regarded as a 'ring stiffness' factor, because it is the 
product of the elastic modulus of the pipe wall material and the moment 
of inertia of unit length of the cross section ( = t 3 / 12). Thus, 

loading parameter 6X - _____ ..c....:...______ (4.30) 
- ring stiffness factor + soil stiffness factor 

Tests by the US Bureau of Reclamation, reported by Howard [ 4.6], give 
values for E' in pounds per square inch as in Table 4.2. 

These figures were representative of calculations based on measurements 
in 113 field installations in which initial deflections were measured after 
construction; pipe deflection was measured between the time of placing 
the soil to the top of the pipe and completion of backfilling; the horizontal 
deflection 6X was measured in most instances. If 6X was not measured, 
but the vertical deflection 6 Y was known. then it was assumed that 
6X = 0.913 6 Y, which is the ratio given by equations (4.6) and (4.7). Howard 

Table 4.2 Values for £' (psi) 

Fine-grained soils with 
less than 25% coarse­
grained particles 

Fine-grained soils with 
more than 25% coarse­
grained particles 

Coarse-grained soils 

Crushed rock 

• 
. . . .. 

Dumped 

50 

100 

200 

1000 

Relative density (Proctor ) 

<40% 

200 

400 

I 000 

3000 

400 

1000 

2000 

3000 

. . . . 

> 700 0 

1000 

2000 

3000 

3000 
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LEACHATE HEAD/DRAIN SYSTEM 

EVALUATION 
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F't:"t1n Cent er West - I I Suite l OE, 
Pittsburgh, PA. 15276 

DESCRIPTION:PROTECO 
LANDFILLS 1 ~~ 2 
AREAS 

HORIZONTAL SCALE: 1 INCH= 110 

JLJB N0.8511 
BY: FiCM 
DATE:3/11/86 

PAGE NO __ _?_}!_~--

VERTICAL SCALE: 1 INCH= 110 

AREA IDENTIFICATION AREA,SQ.IN. AREA,SQ.FT. AREA,ACRES 

LANDFILL \ GELL. I 10.74 12"3'331 • E,(l 2 . ':18 
LANDFILL '2. :; • 4 7 114644.40 2.53 
LANDFILL I 3 ~2 .34 14"32"36. 30 3.43 
LANDF I I_L '- \ 8. :38 101377. "30 •-1 r-i-i 

..::. • ..::i..::, 

LANDFILL L i '3. 10 11014'3. 40 2.53 
l_ /1!\IDF I LL '2.. 3 '3. 87 1 i "3418. '30 2.74 

f:. 7'2. 4, 8\S 
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FRED C. HART ASSOCIATES.Inc 
P~nn Cent~r w~st -II Suite 106 
Pittsburgh, PA. 15276 

DESCRIPTION:PRO TECO 
LANDFILL BASIN AREAS 

HORIZONTAL SCALE: 1 INCH= 1 10 

JOB NO.B511 
BY:RCM 
DATE:3/11/86 

PAGE NO __ :!!'lt? __ _ 

VERT IC.AL SCALE: 1 H~CH = 1 ~,:, 

A~'. EA IDENTIFICATION AREA,SQ.IN. AREA,SQ.FT. AREA,ACRES 

L1 C1 i;. 17 74EA8. 58 1. 7 1 
L- ~ =::: 5.68 b87S3 .. 4 \) i. 5 8 
L. 1C3 c,- .. . -. 6 5572 . s~: 1. 51 .J • ...,. ... 

L :2C 1 1. 63 1 '::!66 '3 . lt. 0 .45 
L2C2 . .;:; . 1 1 3 7 58 '3. 86 (J . g,; 

L2C3 1. 62 l '3568. 15 0 . 4 5 



FRED C. HARi' ASSOCIAff.S, INC. 
SHEET 17 

_]_oFJQ_~ 

t>~oit(e:, B St/ 
SUBJECT_ ------------------------------ JOI IO. - ____ _ 
______ \-\El.? ou~T Svf"f'1/\l.j ________________________________ _ 

(.,AW~ P~D CLO~~ ___________________________________ _ 

CAPPED AND CLOSED CONDITION - VEGETATED 
PROTECO, PENUELAS, PUERTO RICO 
MARCH 10, 1986 

********************************************************************* 
PEAK DAILY VALUES FOR 74 THROUGH 78 

--------------------------------------------------------------

PRECIPITATION 

RUNOFF 

PERCOLATION FROM BASE OF COVER 

PERCOLATION FROM BASE OF LANDFILL 

DRAINAGE FROM BASE OF COVER 

DRAINAGE FROM BASE OF LANDFILL 

HEAD ON BASE OF COVER 

HEAD ON BASE OF LANDFILL 

SNOW WATER 

MAXIMUM VEG. SOIL WATER <VOL/VOL> 

MINIMUM VEG. SOIL WATER <VOL/VOL> 

< INCHES> 

3,87 

3.503 

C). 0 

o.o 

0.027 

o.o 

24. 1 

o.o 

I). (I 

0.5350 

o. 2220 

<CU. FT.> 

3225.0 

2918.9 

o.o 

22.6 

Io. o I 

o.o 

********************************************************************* 
********************************************************************* 



;; 1 (-' 3( 11, ~G IY _ _ - _ _ _ _ _ DA TE _________ _ 

cu·oG.tt;:;:; __ DATE]>_/_,~ Lt:J~ _ 
FRED c. HART ASSOCIATES, me. 

SHEET 17 
- -~_oFJQ_~ 

SUIJECT __ _?~~1_(.5_9 ______________________________ JOI NO. _J_!!!_ ____ _ 
______ tlEL? ou,?uT su~tillPj_ ________ . _______________________ _ 
_______ So' WASTf_No l_.f __________________________________ _ 

END OF PHASE CONSTRUCTION - 80 FOOT HEIG 
PROTEC•, PENUELAS. PUERTO RICO 
MARCH 11, 1986 

******************************************************************** 

PEAK DAIL Y VALUES FOR 7 4 THROUGH 78 

PREC IF· I TAT ION 

RUNOFF 

PERCOLATION FROM BASE OF LANDFILL 

DRAINAGE FROM BASE OF LANDFILL 

HEAD ON BASE OF LANDFILL 

SNOW WATER 

MAXIMUM VEG. SOIL WATER <VOL/VOL) 

MINIMUM VEG. SOIL WATER <VOL/VOL~ 

,_ INCHES i 

3.87 

3. 118 

(J. 0 

0.065 

6. 1 

0.0 

0.3910 

0. 1964 

(CU. FT. ;, 

3225. (., 

25'7'8. 5 

0 .0 

0. 0 

******************************************************************** 
******************************************************************** 



SHEET ~ 
FRED c. HART ASSOCIATES, me. -~-Df.JQ_ 

PAG• 

SUIJECT --~to_i'fto ,-, I' -------------------------------- JOI., S.i 11 
______ Ji!:.~..9~!&!_~.._ljr_i I . ---------
______ fl of W~ST€ -------- -----------------

MID-PHASE CONSTRUCTION - ~OFT. OF WASTE 
PROTECO, PENUELAS, PUERTO RICO 
MARCH 10, 1986 

r•···••************************************************************** 
74 THROUGH 78 PEAK DAILY VALUES FOR 

----------------------------------------------------------·----
<INCHES) <CU. FT.> 

PRECIPITATION 

RUNOFF 

PERCOLATION FROM BASE OF LANDFILL 

DRAINAGE FROM BASE OF LANDFILL 

HEAD ON BASE OF LANDFILL 

SNOW WATER 

MAXIMUM VEG. SOIL WATER <VOL/VOL> 

MINIMUM VEG. SOIL WATER <VOL/VOL> 

3.87 

3.116 

(I, 0 

0.001 

7.6 

o.o 

---------
:322s. o 

2596.5 

(). 0 

67.l 

o.o 

(1.3910 

o. 1964 

********************************************************************* 
·····························•*************************************** 
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CNl'D~~_Q __ un3lufPJ..p_ 
FRED C. HARi' ASSOCIATES. INC. 

SHEET 17 
_K)_oFJf>_~ 

SUIJECT __ V~oTE"(o ----------------------------- JOI •a. _i.Jjj ____ _ 
______ ~EL~ Ou,\)l..>T ~Jf""'(!'1fj_ _________________________________ _ 

______ 6' LIIT __________________________________________ _ 

INITIAL 8 FOOT LIFT FOR CELL LINER AREA 
PROTECO, PENUELAS, PUERTO RICO 
HARCH 10, 1986 

******************************************************************** 
PEAK DAILY VALUES FOR 74 THROUGH 

<INCHES> 

78 

PRECIPITATION 

RUNOFF 

PERCOLATION FROM BASE OF LANDFILL 

DRAINAGE FROM BASE OF LANDFILL 

HEAD ON BASE OF LANDFILL 

SNOW WATER 

MAXIMUM VEG. SOIL WATER CVOL/VOL) 

MINIMUM VEG. SOIL WATER <VOL/VOL) 

3.87 

3.115 

o. 0 

~ 
o.o 

(l. 39 l(l 

o. 1964 

<CU. FT. > 

3225.<) 

2595.6 

c). O 

s 
o.o 

******************************************************************** 
******************************************************************** 

' 
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ITEM 10 

SOILS LABORATORY TESTING DATA 

This item was added to Revision 2 of this Application, June 1986 

(06558-11) 



-
JOI No. __ 0ATflfC . ________ _ 

D, JOI NAME-~·,""""-✓-.:__-· _L="-------- DATE CM, . _________ _ 

DAit (lUf _ _ _ ?\J fv-k ~~-"<..,~O~-- - UC I Y -----------

Page No _________ _ 

SUMMARY OF LABOR A TORY TEST RESULTS 

GRAIN :;; a ::> ,,,, c NATURAi ArTEUEIG llMllS UHCON COM,RES.\ UN 11 SIZE 0 - TIIAXIAI 
SHC IAI S,fClflC ~ 

ond D E P 1 H I •• I (LASSlf l(ATI0N WAI fl 0IY WGT ... l: S? IACK LIQUID 'LASTIC S Tl f SS STRAIN > .. C fl l 
GIAVIT Y a .. z c,u M ~ll No TES r S CONTENT tpdl ~ • ... , 0 uu ,ussuu ,ussuu 

I 010 l LIM! I LIMIT (1,I) ( o/o) 
"' X 0 u ( p,i) I e ,ii 

8 v c\c e\ s °' ""'\' \e °W i. ~ / / - - C...\o.." K 0Y-'("0W 
P..Aor 

,-, I~ / / / - 'r;j v<-""-~ "50,..,.._~ \e v -z_ 
R .. ,)..,r - __ r"" .la.-1 Ro, .,-c:,..v --4--

1-30'1;;& ~~--~ \..e_.ft3 L' . / / - - ("' '7---BPv V Q--V 
Ho.,_.\o, 

--- - -----

---- --- ---
✓---S "'e.\\o '/ Tv'oe... ~ 1. +0'oe... / - - l-cq 

- --
"'5,-q'._ 1.1o, Tv\:)e.,.-11:-z._ +-:i~~ / / 

- - ~ ---
..._J 

--- -

-----

---

-

\•• J.,, Cur• •• If J(~J CO MP on•l CfHCK(0 • 101 IN ,1OGUB 

----- · 
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'-..!_ 

MOISTURE-DENSITY RELATIONSHIP TEST 

TEST Ho, : ____ DATE ____ TEST LOCATION: H _______ E ____ _ ELEVATION: ______ _ 

\~· 
' -, \ 

\ 

l­
o 
0 
LI.-

<.> 

cc 
::::::, 
<.> 
o=:: 
UJ 
0.. 

en 
0 
:z: 
::::::, 
0 
0.. 

>-
1-

Cl) 

z: 
UJ 
C 

>­
a::: 
0 

120 + .. ~----+-I'-+- I- ,_ .. 

~r- - ~-·+- .,__.,_ ~- -l- _.,_.,. --r-'--- -- ... +-,f-+4---1-+-4-\,...-, 
f--+4--1-4-- ,_ . ,_ -,-+-11-""-; 
~- _..._L.._ --'-- -·+->--+-•- ... ~-

II 5 ~ ............... _.....,........,....._µ,_....~ 
>-~--

...+-+--........ -~' ....... -~-.... ":t-'-+· ·~:. ,"".1-'": ... -+ _-;__' _+ .... -t-'• "~.-+ 
,..._.....__._,__, __ i.......L.+-4--+-+~l-+-• -+-+r... , • 
f-+-+·~-+-+-+--l-·++-4·-

._ .... i...... ...... - ................... -1--+-1-+-+--+-4-.-- J _L 

... ..j. ....... ........, ........ _ .... ,__ ... _,__ - - ..__._..._,__ .......... ....._ 

...+' ...;......---1 • ....;...+ • •• +-1-+-r-+-+-i-- - ~-~ --
II O I--T-+-+--++-+--+++-++-H-4-4--44-4-!~\-h 

2 -, 
J 

'td ~--,;; IO t; o ) D I . _s- 9 7.S 

Ue' "" f(., i s _'J 

LL :.l.3 r.o i 

IS) 

SAMPLE IDEHTIFICATIOH: ________________ _ 

TEST METHOD: ____________________ _ 

MAX, DRY DENSITY _____ lbs/cu. Ft. 

·- OPTIMUM MOISTURE _____ % 

REMARKS: --------------· 

CURVE OF 100% SATURATION FOR 
SPECIFIC GRAVITY EQUAL TO 2.70 

10 15 20 25 30 35 

MOISTURE CONTENT - PER CENT OF DRY WEIGHT 
RE FO~ 107(6-73) 



MOISTURE-UtN~I IY ~tLAI IUN~Hl1 l~~I 

Job Name __ ;_h_/._r"_vi __ c'._._l_~......;~_,,.._r ________ _ Job No BS/?,,)? f -.:) ! Date ____ _ 

Boring No ______ Sample No _?_S_2 __ Depth _____ Preparation ________ _ 

Material _______________________________________ _ 

Ca,...-/o c: _, 

f S- Q> 4 30 fr-./1 

I 120 

SAMPLE IDEHTIFICATIOH: ~~ ~ • ~ ~N'\ ~1 

r 
TEST METHOD: 1-//ocl, . / d 

"!"- I (' 

.... 110 
0 

f 
0 
~ 

(..) 
/ OS MAX, DRY DEHSITY lbs/cu . Ft. 

~ 

1 
::::> 
u 
0:: 
uJ 

OPT I MUM HO I STU RE 18 % 

105 
Q. 

V, 
0 
:e: 
::::> 
0 
0... 

LL= '-/8 PL=3/ REMARKS: 
?~· 17 

>-
I-

100 ----- L.'1,1.0..::i 91 % -=-

V, 
% 
uJ 
0 

>-
0:: 
0 

85 

80 
10 15 20 25 30 35 

MOISTURE COHTEHT - PER CENT OF DRY WEIGHT 
J & L TESTING COMPANY 



C /2rr J<- /~ ""/0 /~tr- /4 
ATTERBERG LIMITS DETERMINATION l3SI/ 

p . /-IArz. I roJect . _ ______________________ __ _ _______ Job No. ·----- -- ___ __ ____ ______________ _ 

Location of Project SCI ___ Boring No. ~ 5 2 __ _ Sample No. ___ _ 

Description of Soil _ __________ _ 

Oopth of Somple _ ______ _ 

Li111,1,l !.111;i/ L>ct,·n11i1:,1:it111 

Tested By -------"(;,o,.,_/::f'~/,_,' __ !// z.,, 
)i} ; ;p 

Date _C._/l_J.,,,_(~/_J_j""'_ 

Can no. 

Wt. of wet soii + can 

Wt. of dry soil + can 

Wt. of can 

'Nt. of dry soil 

Wt. of moisture 

Water content. w% 

No. of blows. :\/ 

~ 0 

C 
(2) 

C 
0 
u 

ft1; 7 
. ( .:' ~ 

_, 

/ 2 . v2--
1-. 2, 9 

791-
5. 7 J' 

So. I 
·'" , :::) 
) 

I 
!.-
I 
I 

I 

: 
I 
I 

I 
I 

I 
I 
I 

I 

I 

: 
10 15 20 25 30 40 50 60 

No. of blows, N 

Plas/il' Li111it Dcter111i1111/i1111 

Can no. /1 147 
Wt. of wet soil + can I 1 ,;-~-
Wt. of dry soil + can )t! _ 1-_,,..;., 

Wt. of can 4. )/ 
Wt . of dry soil /0. JJ 
Wt. of moisture 2, 1 i) 

Water content, 1t:% = ,i:,. zz 

J & L TESTING 

80 100 

Flow index F, = __ _ 

Liquid limit = 0) 
Plastic limit= _l::l__ 

Plasticity index Ip= -Z J 
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TRIAXIAL PERMEABILITY TEST DATA 

0~4 
Sheet I of 

8 - S I ! 

Project __ h_,,._<_d_C_. _/_'-/_,:;_,.-_f_;.....A_~_,, __ . •_K_ . ____ Job No. __ 8_~_13_0__,_]_o_..,_o~/ _____ _ 

Loco fTon __ S_=c...;r;c.__-__ P_,_12_ . ______ Soring No . ..11,1 z- I 1.... Sample No. , c 1 · F, -

Oescr i pt ion of Soi I __ Z3_o_,..._,,_u_vJ_f--vt?.._-_- _L_, ,v_ f:_l'l_ Depth of Sample _-P_-'v_· _c,_l--_i---r_' _ 1 _i _-,._ l--__ _ 

Tested By ___ J_!J...,.C..,...'_, __________ Date of Testing __________ _ 

Undisturbed _______ /Compacted ___ /_-____ Method _______ _ 

Desired Oensity(pcf) _____ M/C % ______ _ 

Diameter (in .) ________ Height (in.) _____ _ 

COMPACTION DATA 

No. Layers Wet Weight (grams) per layer 

Specific Gravity, (G 5 ) Assumed Yes ✓ No 

Cell No . I Desired II BIi parameter B -= I 

Test Pressures : 

% Cell S u psi Back :J L--- psi Head 8 ps i 

Saturation Increments: 

Cell psi Top psi Bottom psi 

Dea ired Water used for Saturation: Yes v No 

0 t her Liquid used for Saturation: '/ A p 

Stones Saturated Yes ✓ No 

Lines Saturated Yes ✓ No 

Notes: --------------------------------
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TRIAXIAL PERMEABILITY TEST DATA (cont.) -;::_ - • •• _ I 

UNDISTURBED SAMPLE DATA 

Initial Data 

Height 

Dia meter I 

I 
Area / 

Volume 

Weight 

Wet Density 

COMPACTED SAMPLE DATA 

Total Weight of Soil 

Wate r co nte nt det e rmination (TRI MM I NGS) 

in. (Ho) 
Wt . of r.an + wet soil ... ! . -

In. (Do) .., 
Wt. of can + dry SOIi 

sq. in . ( A0) 
Wt . of can r, 

~ / 
I ' ' 

cu. in. ( V0 ) 
Wt . of water 1 00 . .:,. 

g. (WO) 
Wt . of dry soil 

pcf ( O WO) ~ I • 

Initial wate r co ntent rc 1 = _ _ ·_' _· _-__ _ 

for 
- -, - I 

Compaction ---+--"~---- g (wet) 

I nit i a I Mais tu.re Content 3 / 1..-, % 

No. of Layers 1 
I 

Height 3 

Di am et er ___ '.!_ . .....;:s;_0 __ 

Area ___ G __ , _)_7S_1-__ 

Vo I u me __ (_.1 _L_1 .._( ..... ]_1_~_ '-:i_ 

Wet Density __ / _Z_I_, _z.. __ 

Weight per Layer _____ g (wet) 

,n. (Ho) 

in . (D 0 ) 

sq. in. ( A0 ) 

cu. in. (VO ) 

pcf (tw0) 

Initial Height of Soil, Hi---­

Weight of Wet Soi I, Wt = 

Computed Dry Weight of Soil, W~ = ____ _ 

Oven Dry Weight of Soil, W5 = _ _ ___ _ 

Computed Height of Solids, H0 = W5 /G 5 A 0 = ________________ _ 

Initial Height of Voids, Hv= Hi - H0 = ------------- ------

Initial Degree of Saturation, Si =(Wt-W5)/(Hi -H0 )A 0= ___________ _ 

Initial Void Ratio, e0 =Hv/H0 =---------------------
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TRIAXIAL PERMEABILITY TEST DATA (cont.) 

CHAMBER DATA - 11 SATURATLON 11 

DATE TIME CELL TOP BOTTOM 's' H (DIAL) 6H A OTHER PSI PSI PSI in. CORRECT 

Notes, ---------------------------------

S-< < ---r-e J J 

TEST PARAMETERS 

COMPUTED ? 
\ 

CONFINEMENT/ HEAD 

Height In. (Ht):(L) Cel I Pressure ____ psi ( C ) 

Area sq. 1n. (At) : (A) Top Pressure psi (TS) 

Computed Wet Weight g Bottom Pressure psi (BS) 

Effective Head ____ psi ( h ) 

Test dat11 Test data used 

Test No ,. sec 0 . cu cm T. ' C Test No , . sec 0 . cu cm T. 'C 

1 

2 

3 

4 

Average" 

kr =()LIA /it= T1rl TJ20 = - - - --· 
_. _ _ -·· cm/sec k,0 = k rTJr'TJ,o = _ __ _ - - - ·· cm / sec 
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Sheet 4 of _ 
TRIAX I AL PERMEABILITY TEST DATA (cont . ) 

Notes:--------------------------------

Initial Dial Reading-------------'✓'--

Final Dial Reading ___________ ...:,./_/ __ _ 

Change in Sample Height 
/ 

/ 

Final Height of Voids, Hvf -------'-/--~--­
/ 

Fina I Void Ratio, ef = Hvf/ H0 -----------

DISASSEMBLED CELL (Measured Dimensions) 

Height 3 :_"7 1 1n . (Hf) Volume ·" 7 O I 1 /4 , -; ·- .I .., • cu. in. 

Diameter ? . 3 0 in. ( D f) Wet Weight 7 -; /-,. ·;- g. 

Area ?, I r -; f - ·sq . in . ( A f) Wet Density / z.. 3- i pcf 

Dry Density 9 z, G. pcf 

FINAL MOISTURE CONTENT AF1CrL 

( V f) 

( wf) 

(o't ) 

(tdf) 

FOR COMPACTED SAMPLES 

Final Wet Weight + Tare 
-I , · . . 4 ., 

' . . -- g 

Final Dry Weight + Tare 
0 .-,. l/ 5 t. , / g 

Weight of Water I 6 l i5 g 

Tare Weight ' . <i, ' t I , g 
,j~ " . ' ) Oven Dry Weight of Soil, Ws - · ~ ~- -~g 

Final Water Content, Wf 3?. .o/ % 

Fina I Degree of Saturation, S ___ % 

Maximum Density (Dry) /o.5,- pcf 

Optimum M/C ___ /_ 6 __ % 

Per cent Compact ion 8 6 % 

73 (' l:ire 
a o .. , J'J 
D ,J I' 



DATE 

Z-/ f',lf t,,. ; 

~ - tt·· .-. -; 

'2. : /, ,.·. 

'2 ( ,'Y'• y>', I 

TRIAXI AL PERMEA BI LITY TEST DATA 
P. i ~ 

Samp l e No: ----- -

Description: 

.. , .. ( 

~- --~ e _ 

DATA S HEET 

Job No: --- --

Sheet No: 

- - - - - - - - -------------- ---- ------

TIME CE LL PRE SS SURRETT 
DELTA TOP PRES S. SURRETT DELTA BOT PRESS , 2.IJRP.E TT DELTA 

CEL L BUR TOP AUR R BOT BURR 

7. L.~- 2 ) .s: 8 I 7 ' I I:) , - -- ' .....) 
V -

-· ,-- 0 
. 

C. c.:... - ' .:.) .. \ '-'-- -, / ~ --- - .:, ...., , 

2 l / i 2. 5-, ~ I ; ;a r- ? ,, '-- · \' _,,, 
.)') 1 - ,.- ..- ' J ··, 

I l ' 5 G- ;, l ) ,f 

..:. '\:- --., .. 
'3~ {, ' 

,,,-· '2 -) I .: . ,_ .., 
·-

.. , 
) ( ../. I 

;Y os 3 (.. 5 ,J 2- 7 ; 8 , - l - -.. 7, 4--- 1·· 

I 0 1/ s :' t. . C. ?. I ':! 
, 

7 r-
, 

'2.. l .. .., 

I 7 I ~ ..J 7 ;_ I I/: ' 7r • ' ,_, - - .t.. , ,, - ' . -
I ~/ 

, 
7 , , ! I_.- 7 .--\' , 

I 
/ i 4 7 1,, - I 17 / y, ! I .) ~ I , : - -, 

I 11 I-" I : ' 
I 

3 , ,f ~ I /, ) ) 

---
I - ·: -· ' I { , ; I 

! :; 3 /,. 
.:..." , • · I / io - i Z/ 

.. I I 4 ./ 0. 
., 

I ~ i ,, -
Z o•'..)' I <i. i · 1 ; ,<v : ' I - o.1 ,I _) 6,1 ,-

I 
,, .: - -. 

I I ' ' '1 ·.::>1 - I 7,0 
i L. .:1 i /, I : · , I I :::J -, 

: ?_ L ·; (J I -1. ' I 
1-~ 1 i I 2, ' - i I. 4-- ~--· 3 /, < ; i ; I , i ' 

c) 

I O~:--, ;_ ~ : I 
ti) 

- I -· i ".? 4-- 7 '3,) ! '- I /. i . ' I.,- , 
I 

1S I . , ' ,<, , -, - I 1 0 JI. D 1. l,, ' 
·, 

' " I , . .., ,, ,. I ,' ' 
.. 

I I I i ; i i 
; i i I i 

! I I I ! I 
' 

l i 
i I ' I I 

i j I 

I i I ' 
i ! ! 

i ' 
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; I I I 

I I ! : 
I I 

I I I ; 
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BY_ ._ _ _ _ _ _ _ _ 0 A TE _ _ _ _ ____ _ _ 

CHK "Q __ _ _ __ _ DUE __ _ ___ _ _ 

J & L TESTING Co ~Hlt l bi: 
_ __ Of __ _ 

PAGE 

SUBJECT--- - ---------------------------------- JOB NO . ________ _ 

u 
u 
..... 
CJ 
E 
::, 

0 
> 

FLOW VS TIME 

I / I 
/ 

- - - ---,- - - - --!,------_J;".'.=====::::===--· ·+1::--,===1=====~===:.·=~l===-==-===-------- - -- ----+---·-T 1 - -

I 

3 / I 

----+--~ ~/ __________ ...,._ _____ __,! __ • _. _j_ __ j 
_ __ ___ ;_ __ / I ~ - --

/ I , i _ __ ,_J 
-z.. --- -----·-/- - . : I ' ' ' • I 

-- ' ' .L -·-----,--+-----,-,-,--~---,----t--- - ' ..__ l ___ j 
---~---~--_-.,.l---1-----+-, .-'--~---'----'----+---'---1-!1~--~-= 

I -=----£--- ·----c---+---,----,----,---+--- . : j --~==---: . . I ~--+ ·--~----~/ 
- - -- - ------+---- --4------+-"--------+ 

----~---+------- ---}---: ---- --
, 

Time / min 

Q -- iJ 7 c c:... 

/_ :-- ~.G:.'.1 ,;___ 

I-\ -::- o . Od-L-7(.o'- sq ft 

r _ = 8 Co~· 
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MUl~IUHt-UtN~I IY H~LAI IUN~Hli 1~~1 

Job Name ___ ;;_,..._rcl'--_C_._/f._~..:.;.r'_./ __________ _ Job No e:: IJ c:, 7 J'-O I Dot• ------
Boring No _____ Sample No /S / Depth ______ Preparation ________ _ 

Material _________________________________________ _ 

120 

SAMPLE I DEMT IF I CATION: ~?:-!: No. 2 ~ S>P.£J.L ~ 

) /J - _JI ·l,·e I TEST METHOD: _____ 'l_c;a---'-", __ v<.. __________ _ 

1- 110 r,--~-----:-+.....:...+--,!-~-J.~­
o 
0 
w.. 
(.., 
co 
::::, 
u 

MAX, DRY DENSITY --1,/~0.;..;/,...;:.s;;___lbs/cu. Ft. 

OPTIMUM MO I STU RE __ ; _9._~-- % 

c:: w 105 i------:---7"""'--l-:--+-+-+__;~~~-l-l..\-~ 
'1.. 

V) 

0 

>-
I-

(I') 

z 
w 
0 

>-
c::: 
0 

100 

·----' ' ' I 

95 

85 

10 15 

J & L TESTING COMPANY 

REMARKS: __ i._L_=-_0.:;;...._l_---'-,A~z'.._=_Z_7.:...__ 
PI~ 34-

CURVE OF 100% SATURATION FOR 
SPECIFIC GRAVITY EQUAL TO 2.70 

20 25 30 35 4-0 

MOISTURE CONTENT - PER CEHT OF DRY WEIGHT 
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ATTERBEAG LIMITS DETERMINATION 

Projer 1 . ____ /! /-1/1._ r __________________ Job No. 

Location of Projoc_t ___ J_C_.I ___ _ Bor:ng No. _ _L/_S_/_ Sample No. ____ _ 

Description of Soil _____________________________ _ _ _ 

[.h J > Depth of Sample _ __ _ ----- Tested By - - ;-,!'H'-r--- -------- Date 

Liquid L imit Detemii1111ti011 

Can no. 

Wt. of wet soi l + can 

Wt. of dry soil + can 

Wt. of can 

Wt. of dry soil 

Wt. or moisture 

Water content. it:% 

No. of blows, N 

::;!? 
0 

3 

-C 
(I) 

C 
0 
u ... 
a> 
-;;; 
3: 

10 15 

A I i / 

I (1 . <i- (J. 

13 17 
4, 2. 4 
9, L/! 
s.i7 
~ (). 0 

, ,, 
C /.. . -

I 

I 
I 

I 

: 
I 
I 

I 

I 
I 
I 

I 

I 

: 
20 25 30 40 50 60 

No. of blows, .V 

Plci!itil' Li111it 1Jetern1i1111tim1 

Can no. 4'1 
-, ,..--
)J 

Wt. of wet soil + can /1 ,/ ) 
Wt. of dry soil + can 14-, > 7 
Wt. of can .{._ ) I 

Wt. of dry soil /0.0 6 

Wt. of moisture Z, 7l-
Wator content. u:% = w,, 77 

J&L TESTING 

I 

80 100 

Flow index F, =--­

Liquid limit= J9 
Plastic limit= '2.... ] _ 

Plasticity index lp = 3 V 



TRIAXIAL PERMEABILITY TEST DATA 

Sheet I of 

/JS- ; 

Project ___ /_'./_;1_fL___._1 _____ ~---- Job No. 8 S- /;.. <J Jr - u I 

LocafToo s c_r Boring No. /S / Sample No, ____ _ 

Description of Soil ___________ Depth of Sample _________ _ 

Tested By ____ / ....:::~;z::;; :...:.J--.'_.,,,_:, ________ Date of Testing __________ _ 

Undisturbed _______ / Compacted ____ V _____ Method _______ _ 

Desired Density (pcf) M/C % _____ _ _ 

Diameter (in.) ________ Height (in.) _____ _ 

COMPACTION DATA 

No. Layers Wet Weight (grams) per layer 

Specific Gravity, (Gs) ____ _ Assumed 

Desired 11 8 11 

Yes / No 

Cell No. 

Test Pressures : 

Cell ?:S- psi 

Saturation Increments : 

Cell psi 

Dea ired Water used 

Other Liquid used 

Stones Saturated 

L i nes · Saturated 

for 

for 

Yes 

Yes 

parameter !3 :: I 

Back 
1 '-/1 'l,., . 

ps, Head ___ _ psi 

Top psi Bottom ___ _ ps, 

Saturation : Yes ✓ No __ _ 

Saturation: VP 

✓ No ___ _ 

v No ___ _ 

Notes : --------------------------------
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TR IAXIAL PERMEABILITY TEST DATA (cont.) 

UNDISTURBED .SAMPLE DATA 

Initial Data 

Height 

Diameter 

Area 

Volume 

Weight 

Wet Density 

COMPACTED SAMPLE DATA 

1n. (Ho) 

in. (Do) 

sq. in . (A0) 

cu. in. (V0 ) 

g. (WO) 

pcf ( O WO) 

Wat er content determination ( TRIMMINGS) 

Wt . of can+ wet soil /-s-7 <i.-

~ c'o 2 , '-Wt. of can+ dry soil 

Wt . of can fr\ 3 0 7, r" 

Wt. of water 
q 4,1 

Wt. of dry soil 
) )- 3. I 

Initial water content 1c, = 2, (.,, 'l 

,.', V - 1 

Total Weight of Soil for Compaction ___ ·_· _, __ ., __ g (wet) 

Initial Moisture Content % 

No. of Layers Weight per Layer _____ g (wet) 

Height "'2. c.. ~ In. (Ho) 

Diameter 
,,., .:> . . ~ u in. (Do) 

Area h • IS-- z< sq.in. (A 0 ) 

Volume o, OtJ9 1_4-)fi cu. in. (VO ) 

Wet Density LLJ, I pcf (!WO) 

{A~ ? 9, 'L- /7 (. I--

Initial Height of Soil, Hi ___ _ Computed Ory Weight of Soil, W~ = ____ _ 

Weight of Wet Soil, Wt= Oven Ory Weight of Soil, W5 = ____ _ 

Computed Height of .Solids, H0 = W5 /G 5 A0=----------------­

lnitia l Height of Voids, Hv= Hi - H0 = -----------------­

Initial Degree of Saturation, Si=(Wt-W5)/(Hi - H0 )A 0=------------­

lnitial Void Ratio, .e0 = Hv/ H0 = ---------------------



TRIAXIAL PERMEABILITY TEST DATA (cont.) 

CHAMBER DATA - 11 SATURATION 11 

DATE TIME CELL TOP BOTTOM 's' 
PSI PSI PSI 

H (DIAL) 6H 
in. 

~ \4 . __ · __ 

S heet 3 of _ 

A 
OTHER CORRECT 

Notes : ---------------------------------

... - -·- - ~ 

TEST PARAMETERS 

COMPUTED CONFINEMENT/ HEAD 

Height ____ in. (Ht) = (L) Cell Pressure psi ( C ) 

Area ____ sq. in. (At) : (A) Top Pressure psi (TS) 

Computed Wet We ight ___ g Bottom Pressure psi ( BS) 

Effective Head psi ( h ) 

Tes t data T i's / d u tu used 

Test No 1. sec 0 . cu cm T. •c Test No 1. sec 0 . cu cm T. •c 

1 

2 

3 

4 

Average• 

kr = ( )LIA.ht = T/r/ T/20 = 
cm / sec k,. = kr"l r ' 'l ,o : _ _ _ ____ ____ cm / sec 
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Shee t 4 of _ 
TRIAXIAL PERMEABILITY TEST DATA (cont . ) 

Notes : --------------------------------

Initial Dial Reading _____________ _ 

Final Dial Reading ______________ _ 

Change in Sample Height ____________ _ 

Final Height of Voids, Hvf ___________ _ 

Final Void Ratio, ef = Hvf/H0 -----------

DISASSEMBLED CELL ( Measured Di mensions) 

Height ' ~ In. ( H f) 

Diameter 
:.)' . . 

( D f) In. 

Area t. J 77 ) 5L7sq . in. ( A f) 

FINAL MOISTURE CONTENT 

Final Wet Weight + Tare -· 0 . 

Final Dry Weight + Tare 3 f --J _ ,_) 

Weight of Water I ]J, l 

Tare Weig ht 11- ~ 

Oven Dry Weight of Soi I, ws ;7u. 7 
Final Water Content, wf 

-;. (,,, / 

Fina I Degree of Saturation, S I o..:; 

g 

g 

g 

g 

g 

% 

% 

Volume 0. 0 / oaJ _ j cu.in. (Vf) 

Wet Weight .:- ( w f) - r - g. 

Wet Density /14· G pcf (o't ) 

Dry Density __ 2_4_·_2·_ 

FOR COMPACTED SAMPLES 

Maximum Density (Dry) / O/ S- pcf 

l e, ./ Optimum MIC __ ___,_1----'----'-• -- % 

C . 63 0 10 Plfkr Percent ompact1on ____ 1, 

t: J % &/4/(:· 



I 
I 
r 

DATE 

DATA SHEET 

TRIAXIAL PERMEABILITY TEST DATA Job No: -----

Sample No: ------ Sheet No: ----
Description: 

---------- -----------------------

TI ME CELL PRE SS 

__, 

/' 
' ! 

,"' ) - , I 

I .• . 

.' ! 

I 

' 

i 
j 

-. J ' i 

I 

DELTA 
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,;:-
0 , ,__ _'1 

5 ) 

(., ' _, 
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~/ 

' 

·7 

. I 

/... 1\-' 

«;1 
- .- '../ r. ,. 

I 

·1 14< 
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I 

TOP PRE SS. BURRETT 

I 7 
·: , -- · ) 

., z L,, ~ 

23 , -i--

I •/ 
C ,' µ , 

" 

/f' 
-, .. , --

~ 

3 L z ? , ' , --
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·~ ... 
( ~ 

., :, '-

--;- ' 

/ 
I ~ 

1.- , 

;. / 

---· 
· / .> 
2 ", , I 

DELJA BOT PRESS , c'JRRETT DELTA 
TOP RUR R BOT BURR 

'/ ,j ~ ~ .., , 
: ' -., 

~ J 

7. 0 

/ --- "-;. , 
.,. 
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-, -.. 

') -/ , ·' .---., ..,) I : 

-- ..._/, ,.-

.. -
f'~.- - ' I 

' 
, 

< ·, --
<.J, ! .. 

· 1 .... ..., 
7 

' -
I v z_., - ) 

Ii,< ), { 

~-
~v I 

- ~-:.,' . 

17 , a.,- I i, . 1-
~ 

~ _, 
I :_-- . ' ·' 

/ 
. ' -



BL _:._ ______ DATE ______ _ __ _ J & L TESTING Co 
CHICO _ __ ____ DATE __ _ ___ _ _ 

SUBJECT---------------------- - ----- - ---- - -- JOB HO . _ _ ______ _ 

u 
u 

(lJ 

E 
::, 

0 
> 

FLOW vs TIME 

-----~---~-~-~---_-_:~-+-:___--:~-~--~-~--~~-~--~-~~--:~-:~--~---~-~:--_-_~-~--:~~--~~-l1-~-~-~-~:_,_:-.~-~--~--~-~-T!-i--_ -------:--:--1 
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Job Name 

Boring No 

Material 

l­
o 
0 
I.... 

u 
co 
::> 
u 

>-
1-
Cl) 

:z: 
w 
Cl 

>-
0::: 
0 

120 

100 

85 

j-/l"c/ 

10 15 

C ;. le-,,,,- I- Job No fsf 13 o z,-oJ Dote 

Sample No 2S3 Depth Preparation 

-P~ j ?_ 
·" Cc: r /0 .J s/ ~ I'" re._, I . - o~ 

15 ,,</Jc; '1 pS- Q 4"L3/m 

SAMPLE IDEHTIFICATIOH: ~t::{o ~ ~v.... Q~ l 

TEST METHOD: ____ .;.../._.4....;l):..;c/.,_,'---'L,_·r_~ _________ _ 

MAX, DRY DEHSITY _.:...CJ.:...l,_, S" __ lbs/cu, Ft. 

OPTIMUM MOISTURE _ _.:...2_0_. _a __ % 

7 
/ REHARKS: __ L_l_==_~---'-9 __ P,_'l_:::_Z_0_

0 
__ 

P.:r-=- yz... 

CURVE OF 100% SATURATION FOR 
SPECIFIC GRAVITY EQUAL TO 2.70 

20 25 30 35 

MOISTURE CONTENT - PER CEHT OF DRY WEIGHT 

it~ s 

' I -.., & L TESTING COMPANY 
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A TTERBERG LIMITS DETERMINATION 

•. P . ;-JM-r ro1ect _ _________ _t_ __ ______ ____ __ __ __ _ Jub No. ___ _ 

SCI locc:t:on of Projact _______ ________ _____ _ Boring No. zS3 Sample No. ________ _ 

Description of Soil ___ --:-____________ _ -Depth of Sample __________ _ _ 02 Tested By ___ - -;r.:--tct7-.-'-'------- Date _ 

Liq1,id Limit fJ c t cr111ir;a /w11 (\/\ • I / 

Can no. 

Wt. of wet soil + can 

Wt. of dry soil + can 

Wt. of can 

Wt. of dry soil 

Wt. of mo isture 

Water content, tc% 

No . of blows, N 

C 

~ 
C 
0 
(.) 

A ·1 c, 

/ (i ,:;.y 

/ 0 3> 
<1- I, z 
0, ~ 7 
tf. I :, 

b z. I 
-z_ -' ,; 

I 

~-~---
I 

: 
I 

I 

I 
I 
I 

I 

I 
I 
I 

-- -

10 15 20 25 30 40 50 60 

No. of blows, N 

Pl11slic Limit DL'lemii1111/im1 

Can no. A 1 -~ s 
Wt. of wet soil + can /'5'. L 

') 

Wt. of dry soil + can I Z. :;-; 
Wt . of can 4. 2,d-

Wt. of dry soil r i .7 
Wt. of moisture · i, r.:, 1 
Water content. ,c¾ = ,c ,. 1 ? 

..,I ..J 

J & l TESTING 

80 100 

Flow index F, = ___ _ 

liquid limit = b Z 
Plastic limit = ___2_:'..._ 

_,.-/ 

Plasticity index I,.= j) 
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- ____ Pc.u.c_ LO 

TRIAXIAL PERMEABILITY TEST DATA 

Sheet I .of 

6s 11 

Project ____ /-/_t::i_t?._._ · ---~---- Job No. 8 S- fl a 7r~ 0 ! 

Locafion Sc.I Boring No __ -z_.::_3 _Sample No. ____ _ 

Description of Soil ____________ Depth of Sample _________ _ 

Tested By {Ac, Oat/ Testing 

Undisturbed _______ / Compacted ________ Method _______ _ 

Desired Density(pcf) _____ M/C % ______ _ 

Diameter (in.) ________ Height (in.) _____ _ 

COMPACTION DATA 

No. Layers Wet Weight (grams) per I ayer 

Specific Gravity, (Gs) Assumed Yes 
/ 

No 
II 8 II f3 --c 

I 

Cell No. Desired parameter 

Test Pressures : 

Cell 
,<__ , ·,;--

psi Back 
40 / 3'/..., 

psi Head 8 psi 

Saturation Increments: 

Cell psi Top psi Bottom psi 

Dea ired Water used for Saturation: Yes / No 

Other Liqu i d used for Saturation: -r-P.P 

Stones Saturated Yes 
✓ 

No 

Lines Saturated Yes ✓ 
No 

Notes: --------------------------------
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Sheet 2 of 
TRIAXIAL PERMEABIL ITY TEST DATA (cont.) 

UNDISTURBED .SAMPLE DATA 

In it ia I Data 

I 
Wat er co11te11t de te miinatio n ( TRIMMINGS) 

Height 1n . (Ho) ,f-0 0. ,7 

I Wt. of r:an + wet soi l 

Diameter in. (Do) 3 ';';, 7 
Wt. of can + dry soil 

Area sq. in. ( A0) 
Wt. of can //'1?, ··, / 9, < 

Volume cu. in. ( V0 ) 
Wt. of water 

0 C 
/ I ' 2 

Weight g. (WO) 
Wt. of dry so i l 

> tJd . ,;. 

Wet Density pcf ( o wol Sc. L---
In itial water content rv, = 

COMPACTED SAMPLE DATA 

Total Weight of Soil for Compaction ---7-7_.L._'_.:;_,.,.,,_ g (w et ) 

Initial Moisture Content % 

No . of Layers Weight per Layer _____ g (we t) 

Height 4. I s' 1n. (H 0 ) 

Di am et er --=--?'-'. 8""--0 __ _ 1n . (D 0 ) 

A G- 1s 75 L.,, · (A ) rea -----''------ sq.in. 0 

Vo I u m e o · o I if. 7 t t O 2. 7 J cu. in . ( VO ) 

Wet Density / / &. / pcf (ow0) 

Od~ 77,1 fC :_' 

Initial Height of Soil, Hi ___ _ Computed Dry Weight of Soi I, W~ = ____ _ 

Weight of Wet Soil, Wt= Oven Dry Weight of Soil, W5 = ____ _ 

Computed Height of .Solids, H0 = W5 /G 5 A0=----------------­

lnit ial Height of Voids, Hv= Hi - H0 = -------------------

Initial Degree of Sat.uration, Si=(Wt-Ws)/(Hi-H0 )A 0= ____________ _ 

Initial Void Ratio, e0 =Hv/H0 =---------------------
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Sheet 4 of _ 
TRIAXIAL PERMEABILITY TEST DATA (cont.) 

Notes:--------------------------------

Initial Dial Reading _____________ _ 

Final Dial Reading ______________ _ 

Change in Sample Height 

Final Height of Voids, Hvf ---------~--

Fina l Void Rat io, ef=Hvf/H
0 
__________ _ 

DISASSEMBLED CELL (Measured Dimensions) 

H . ht 4 · j(j~ (H ) e1g ---'----'-- 1n . f 

Diameter --Z. 8 ° 
Area &. / (7{ .~ 

in. (Df) 

sq. in. (Af) 
{) . O0,J{{j(. 5jy-

FINAL MOISTURE CONTENT 

Final Wet Weight + Tare 
- c-.4 -/ I . / g 

Final Dry Weight + Tare ------"'-···_r_lf':_1 
_ g 

✓-

Volume O, OJJ 771/77f t u.yi . (Vf) 

Wet Weight 7f 4. f g. ( wf) 

/'/ 7. u ( yf ) Wet Density ----"---'--'---'-. _ pcf o 

Dry Density __ '6_7_7.____ 

FOR COMPACTED SAMPLES 

Maximum Density (Dry) 77,) pcf 

Optimum MIC 2 0. (_) % 
, 

Weight of Water / 9[. ·1.., g Per cent Compaction 90. 7_.. % /I~ -i-',/ 

Tare Weight 117 2 l, i. g 

Oven Dry Weight of Soi I, W
5 

.5 Y?, C. g 

Final Water Content, Wf __ 3_2>_,_1_% 

Final Degree of Saturation, S /0° % 

(;(,! , 0 /Jr- ..; ✓ --
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DATA SHEET 

TRIAXIAL PERMEABILITY TEST DATA Job No: 15 .5, - . -' 

Sample No: ----- Sheet No: 
Description: 

- -----------------------------

DATE T! ME CELL PRE SS SURRETT 
DELTA TOP PRESS ; SURRETT DELTA BOT PRESS , llJRRETT DELTA 

CELL BUR TOP RURR BOT BURR 

-Z/ MR, / 

I 
I 

/ 
/ 

.~/ 
V 

,.,i'" / 
1/ 

fl / 
/ 

I [ . 
11V /,1 :>. 

l L I / / /j' 
I 

✓ / , 

/ 
' / " ; 

I V I 
i / ! 
' I / I 

I / I 
' ! ,/ 
! I/ flr,, I ,. 

I I I 

I 
S'. ;A-'t.,,.- ,c~,.,-..., / ~ I 

Z4/liJJ1'] OSJ ·...) 4r 12. 0 0 j 2-- 2~,8' / 4---u h, 'I 
------o/2'30 ! 4r /l, J.. ~~ ) \..., 1Ci, 'ir a/) (J..-0 7, ~ .( . , /';,/ 

6 7~ l 1 ,--- /2-. (, /1" > \.,, I tf. L- 1 1, ::-,--- p-o 1: .°)( /, ' 
~ 

i I? '6 0.5- 4 ✓ ;L <.. / ~ J- )\...,,- /(, b ? . 1...- I/' q, "::) I ./ 
" 

I 1 1 < I 1 ,/ /l,,.. b l,, \.... ( 17. ( ~--- 'J, I f ,,-;-::, q c,< "?, } ( D ~ i J L,, 
I 

: 



f 

r 

f 

( 

l 

---- -- - . r~z.4 · ---
/ . 

BY _ _ :.. -y✓- DATE __ ____ __ _ _ TESTING Co 
slit [ I I I 

CHK ' D _ DATE 

_ __ OF _ _ _ ~ 

SUBJECT _________ - ----- - ---- - - ---- --------- - -- JOB HO _/2._l_-.!__!_ ___ _ 

_____________________ 2S3 ---------------------------- --

u 
u 
...... 
C, 

E 
::, 

0 
> 

I 

Q 

I 
~ 

p 

/' 

.,. . 
•,, 

FLOW VS TIME Q _ - , ;:1 IJ ( 

---~---,- ------·,---.+--.2.---t--·-----·-----~----- -=---=.:-: - ----=·-==--t. -=· -- , -·--!--- ,: i . ·-- -----+-, ------- J - ------- ,--·--- - : ~--,, · ----1·· I 

Time / min 

- 2 .(5 

- 4 . ;<J. -

0.042.1 ~ ) (,, 
< 

-, 
/c' L /. (.) 9 ,Y ; - I C ,~ /.: ,,. C 

....,f-, ; ' 

/'c. j ~ ) 

, 



--- - -
JOB No. 

SUMMARY OF LABORATORY TEST RESULTS 

.. GRAIN ... a 
IORING NATURAL ATTERIERG LIMITS UNCON. COMPRES.<;. UNIT ~ 

SIZE 0 TRIAXIAL 
SPECIAL SPECIFIC 

_, 
ond 0fPTH • feet CLASSlflCATION WATER DRY WGT. ~ 0 

C fl L IA(IC LIQUID PLASTIC STRESS STRAIN "' SAMPLE No. TESTS CONTENT GRAVITY b ... z ciu 
LIMIT LIMIT (111) (o/o l (pell L 0 u.u. PRESSURE PRESSURE 

( O/o) 0 u ( p,i) (p, i ) 

TB l 
S-4 9.0-10.5 CH 22 . 6 66 28 93.4 
TB l 
S-9 21. 5- 23. 3 CH 37. l 75 32 82.6 ,, 99.8 , , * 
TB l 
S-12 31. 5- 33. 3 MH 33.6 65 35 X 94.6 X 

TB l 
S-13 33. 3-34.8 CH-MH 27.9 64 32 87.1 ·~ 
TB l I 

S-14 40 . 0- 41. 5 CH 29.6 64 29 91. 5 
TB l ax S-18 56. 5-57. 2 ~ MH 29.4 56 34 X 94 . 8 
TB l 
S-20 65 .0-66.5 29 . 5 94.6 
TB l 

ax S-22 71 . 5-72. 1 MH 10.9 59 38 X 98.4 
TB 2 
S-4 9.0- 10.5 CH 29.7 74 27 93.6 

TB 2 
S-7 20 . 0-21. 5 CH 26.8 62 26 88 . 6 
TB 2 
S-11 36 . 5- 38. 3 MH 31. 6 73 37 X 90.8 X 
TB 2 
S-13 45 .0- 46 . 5 CH-MH 24.3 60 31 00.0 

--- --
TB 2 f S-16 60 . 0- 60.9 CL 12.4 35 19 50.9 

252 Bu l k Re compacted at f i eld I 

Storaqe wa t er content rJ 
(I', 

' 
It !> •• 1•11 Cu r v• 1 X - unable to comple t e test, see discu ssion, pg. / a - Unconfined Compression test/ b - % Passing 

ff L\)U .:>lt:!Vt:! 



PERCENT PASSING #200 
SIEVE ANALYSIS 

PROJECT: !-+JO-t..1 / rec . .J-.Jf-. c E' ~/I <-i ,...,, \ . 
7 

JOB NO.: BS-\3.o?I-~\ 

PROJECT LOCATION: __ -P_,_Q_. ______ _ BY: ___ u_·:.__,,~-r-r ___ _ 
7' 

DA TE: __ f'._1/..::..S"'J.-/ t:;_;.s=-----

Boring -,---13,- I ~-I ~-' T~-1 

Sample S- <f- s-, 3 S- \4 s- £/~ 

Depth 9- I~ 1/"\.... '3 "\ ~ - '3 4-,J 4-u--41J ...., G:.S- - C.(. YL 

Pan No. D?-7 t> 4- I D?..~ Dl'L 

Pan & Dry Soil (gr) 
\ . 

l c. z._. ~ iG~ .7 (Before Wash) 1-S6-...:. 1-~d.-. ) . . 

Pan & Dry Soil (gr) 
, 

(After Wash) i 4.~ S 2. ~ 47.'f- LI-:, . 3 , 

Pan (gr) :39.?, ~9) "3 t I"/ . (., 5 y (_ 
I . 

Ory (Before) fJ. D 96.Z /00.b 12~. I 
Dry (After) .:- 3 / 2.f' !. fa &.7 :. ...,. 

% Passing 93. t} 87/ 9/. 5 94.fo 

Boring T0,. "2.., ~-L ~ - <- ~ - '"2., 

Sample .S- q- S-l .S-/3i -S-1 (o -
_:__ 

Depth Cj y' 20-1,1 Y2- Li~_. --4:.lY ,_, G,0- G:,o.C, -,~ \.., 
' ...J · 

1 
Pan No. D-:;-~ '"DI ,e p28:, p 1. 9 
Pan & Dry Soil (gr) Cj.J. ~ 1 It/_.~ I IG.6 I '.)5. -s (Before Wash) • 

Pan & Dry Soil (gr) 
(After Wash) 4-3 . u 47. 0 3 l . .r' 9&.1 

-l Pan (gr) 19. l )!' 3 ) . < '(. _, 3c; I 
Dry (Before) 5 3. '-) 7&, b ,---· //0.tf-
Dry (After) ' '? Cf· ._, , f, 7 0 57. 2-
% Passing 73. l 9 g_ (;, JO (J, 0 So.CJ 
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PERCENT PASSING #200 
SIEVE ANALYSIS 

PROJECT: --~_e_.s_o_<.,1_,-c_e_n_7_G_/>1_-r_' ____ _ JOB NO.: 6J"'t3aPl-o/ 

PROJECT LOCATION: Puer+a ~G,,;) BY: ()1"2/ // . 

DATE: r /1 /1 J 

Boring 7£3-) TB-I 18-I TB-I 713- 2-

Sample 5- 9 S-11... S-10 S-2 2.., s- // 
Depth 21fi.-23(' 3j; s--J; 3 S/c,.-S-- S7. 2.. (' 7, y...,__ 7z. I 3, . s- - :5 8' . .s 
Pan No. DI 2-- D3J D3'v Dlt:/- D 4-7 
Pan & Dry Soil (gr) - ( /2,/, 7 (Before Wash) I '2 ':, . .J I 3 Z. 6-- I 3t. v / 3CJ v 
Pan & Dry Soil (gr) 

>1. L/ (After Wash) 43.& 4 3 .3 '3 9. f 4t.4-
Pan (gr) 3 9, /;, 'J 1 I 13 .7 ~t.v 3-<j, L 

Dry (Before) 'i l . I f _Z_ l f? I ;oo.o /0 LC 

Dry ~(After) 0, v 4.j 4.L I, (. 9. 1..-

% Passing 99. 5 94. r, 94.8 q8, Cf 9'0. g 

Boring 
~ 

Sample ~ 

Depth :: 
--· 

Pan No. 
' 

Pan & Dry Soil (gr) 
(Before Wash) -

Pan · & Dry Soil (gr) 
(After Wash) 

Pan (gr) 
. 

Dry (Before) 

Dry (After) 

% Passing 

ORBITAL ENGINEERING INC. 
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WATER CONTENT DETERMINATION ~S:11'1:::-. 

Project ----=-2=c=--__.=r O::....::uc_r,.;....;rc"'---,_f/~,-...:c.~:..L.r,,-'-'---_.j----­
l 

e -~ 13. :--- ri 1 - a \ Job No. -=-=-..., -=:....::'-..J=_c.?S..._:_--='---~.--

Location of Project __ /7_..;·~/(_~---------------------

Description of Soil _______________________ _ 

Tested By ----~~-H},{,',1,-1--------- Date of Testing -u.';+/2....:::.S-:...J./'.c....::/'---=---i.. __ _ 

Date of __ Weighing _t..J./_r. /2<-'i'_( __ _ 

Boring no. 
,Th- I T~I ~-\ ~-I 

s.- + .s.-, ~ s.-,4- ' - 'Z ~ 
Container no. (cup) I) 2. 4 D 4-.S. !> -z.. a DIZ 
Wt. of cup + wet soil l~~.::i JS-Cf. B )~'i.'L 'c-0 I. 7 
Wt. of cup + dry soil \ I &. I I '2. 3. Z - 1/ I 3 '-/. ICo'/.7 
Wt. of cup J9. 7 ~7. 7 it. Co )7, 2/ 

Wt. of dry soil 7' ?.-, q{.~ J()() .g /Z f, ~, 
Wt. of water 11. L/ "2,{,. ~ 2tj, 7 ~7,w 

Water content. wo/o 2,2,& 21. 1 2 9. (; ?.fi:S 

,13.- (... .,-a-._ 'Ttl- l.., . ~L 'Boring no. 
~- 4 s-1 s-1-i.:. S'- I~ 

Container no. (cup) ·o.s-s "D ' ', l) 4- L.: D '17 
Wt. of cup + wet soil 

/77. S- )qq, q... J Cao , S-:- 2l7✓ 7 
Wt. of cup+ dry soil 145,8 /(o5, 3 \ ~ G, 7 '7.. o 7. ( 

-
Wt. of cup ) 7, 6 1/,3 1 i. J . J 7, 2-, 

Wt. of dry soil /0(:,/g · 117. -o 977 /07. 'j 
I 

Wt. of• water 'J /, 7 3 4, I -Zs.z 'iO,f 

Water content, w% 7.-7. 7 ·2-.l.t 2 4. 3 . /2. 4-
. I 

'w 
_4 (tare plus vet 11011) - (tare plus w soil) X 100 • ..::!. x 100 
"l' • { tare plus dry soil) - { ta.re W 9 

Rel:lark.5 -----------------------------:--

Technician ______ C-uted by ~/ Checked by ____ _ 



WATER CONTENT DETERMINATION 

) Project ___ l._,,,3,:_;;ec..;;J:....._0 _'-'_,.._c_c_...!_µ_-'&=--;-,,,.-~------ Job No. --=8:.....:s=--..!:E:::._u_::8::..,_/-_u_l __ 

Location of Project ___ __,_X---=u:.....:.t.&' r /-<:J 

Description of Soil -----------------------------

Tested By ------yr;__,,,~'·~/:_· _______ _ Date of Testing __ _:B-....J_~,J_z~i,_1_< __ _ 

Date of Weighing ----.!~~/--=f:....,,/i.....:J::......:...Y __ 

7S-I ~ 

Boring no. S-z,_. 71 l!{ - 72.1 k 
Container no. (cup) J) I/ 

Wt. of cup + wet soil -3 4-0,7 
Wt. of cup+ dry soil ~I/. I 

j 
Wt. of cup T) 1.,, 39. J 
Wt. of dry soil -Z71~ 
Wt. of water 29. ~ 

~ 

Water content, w% /0, 7 

Boring no. 

Container no. (cup) 

Wt. of cup + wet soil 

-
Wt. of cup + dry soil -. 
Wt. of cup 

~-

Wt. of dry soil 

Wt. of water 

Water content, w% 

tare lus vet soil - tare lws soil ".., 
...,,, • ......__ ........ t,_a_re_p--;-1-us--;d.ryCL.---a...._oi~l,-,---"--T-,-tare-'T"----'- X lOO • W X 1.00 

• 
Remark.s --------------------------------

Techn.icia.n ______ _ Cooput,d by 7 Checked by _____ _ 
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ATTERBERG LIMITS DETERMINATION 

, 
Project... /Ce.Sa ""'U ,,A//,-~--- Job No. __ c,c_6_Q_£/-~ l _____ _ 
Location of Projec~ & f?r.fo £ ·c..,,o Boring No. · 713- I Sample No. S - 2. L-

Description of Soil --------------,-,-------------

Depth of Sample 7/ /L. - 7 2, / Tested By ___ 7-.~..,_-'--7'-0' __ _ 

Liquid Limit Determi11utioti 

Can no. ,4--r47 ~r1SJ 
Wt. ot wet soil + can /S-,(7 /S<IP 
Wt. of dry soil + can II: 3 (, //,04--,, 
Wt of can 4. > I 4-. 3v 
Wt. of dry soil -Zu< ~7L--

. 
Wt. of moisture d.1/ 4-, 14-
Water content, w% &!, I (, I. (_ 
No. of blows. N I t3 I ~ 

I 

I 
I 

~ 0 

3 
I 
I 
I 

c I 

~ I 
C: 
0 
(.J I ... I 
CD I 

-;;; I :: 
I 
I 
I 

10 15 20 25 30 40 SO 60 80 100 

No. of blows, N 

Plastic Limit Deter111i11utic111 
- . 

Can no. -- . ~ -15') A-t<F3 . . 

Wt. of wet soil + can 10.~ /1,9~ 
Wt. of dry soil + can R', '73 7- %5 
Wt. of can 4,-3- ) 4-, l.,,.'!J 
Wt. of dry soil 4, 4- \.., ~ --- .. "-,..._ 

Wt. of moisture . -
· '-'> r , \ 

Water content, wo/o = ,c,. ~ .- --- ,_ \ ... ... 
-;\:--

I _ I 

Date __ tf..,_'b-'--1 ° ...... /-..:.t__,,r'-

'D9 
7-oo. 

,,,,., 
/{pi,.) 

38, 6 , --- _.... - \ . \ 
~---,<·\ 

Flow index F, =--­

Liquid limit = ~/ 
Plastic limit = - -..:. 

Plasticity index /,. = _ ,,.._\_ 

' 

ii 

'L."-> --~ 
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ATTERBERG LIMITS DETERMINATION 

p reject __ .,_/4;-=-.J~v....:.<.,,....:./-=(._:...::-c_· ~::;_·_._1_.6L..lM.=:.L..:l-r::'-' --- Job No. ----=e~S----=LS:::........::u::_f.:...:.../_-_o_,;:_ ___ _ 

Location of Project ___ ,_P~. _/2_. ----- Boring No. \~ - '2- Sample No. _.S_-_'r--__ 

0escription of Soil -------------:---.--------------­

Tested By __ U __ ,....:·,....:,'-'-(J.:.·----Oep th of Sample __ 9-'---'--1 u.::..•_f '---'---

Liq11icl Limit D etc m1i1111ti1111 

Can rio. 

Wt. of wet soil + can 

Wt. of dry soil + can 

Wt. of can 

Wt. of dry soil 

Wt. of mo isture 

Water content, u;% 

No . of blows . . \' 

..: 
C 
c:J 

C 
0 
u 

/1 1 41> 
/4 . g4 

/0,47-

4-, L-l 
{,, , I tf-

4 I 4 \.,,, 
7.?. O 

- 3 u 

I 

I 
I 

I I 

I : 
! I 

I I I 

! I 
I 
I 

I 

I 

: 

/ / 
A-7S 
14 f"/ 
/o, 29-

4-, 3} 

5",7 3 
4,-.?.., 7 

72. -0 
3, ~ 

I I I 
I . I I I I 

I ! I I 
I . I ; i . I I 

! : I ! 
I i i I 
f l I ! 
I I I I 
I ! - I 
[ ! I I 
[ I I I 

10 15 20 25 30 -10 so 60 80 100 

No. of blows, .\" 

Plas tic Limit De tc r111i11atio11 

Can no. -· A-~ .. - j :~ T s3 
Wt. of wet soil + can /2 /Q ( I. ~7 
Wt. of dry soil + can /0, '1·< c; J I 
Wt. of can f. 2 7 4. ~} 

-
Wt. of dry soil t,, I<-- S,Co 

Wt. of moisture I , (; (' /, 1- (. 
Wa ter content, 1c% = 1c ,. Zl,g 2 l, :{" 

J & L TESTING COMPANY -

Date 

t> -s-) 

Flow index F 1 = _ _ _ 

Liqu id lim it = 

Plastic l imit = 
Plasticity index Ip= 
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ATTERBERG LIMITS DETERMINATION 

Project __ Z __ -S_o_,.._w-_c~(~_l//_<.._M~-f_ Job No. __ 8J,"""--'-_'8_0_2_)_-_o __ l ____ _ 

Location of Project --'-P_. _e_, _____ Boring No . Sample No. __ ~_ .... 7_ 
Description of Soil -----------------------------

Depth of Sample 2 U - 1 I '/ L Tested By --</+. -'-,/c...,'f'"------ Date e/r/; , -
Lic111icl Limit Dctermi1111tio11 

Can rio. 

Wt. of wet soil + can 

Wt. of dry soil + can 

Wt. of can 

Wt. of dry soil 

Wt. of moisture 

Water content, ti.:% 

No. of blows, ,\' 

~ 0 

c 
~ 
C 
0 
0 

-

A-11' f 
;3.,6 
/u .:i l 

4 (.. (.. 
S,?O 

3, (. \) 

ro2,,. I 
l> 

I I 

I I I I 

I I I 

I 

I : 
i I 

I 

I I 

i I 

! ' 
I 

I I 

I I I 

I : 

,:; -:re;-
JJ, IS' 

9. 7 s 
4-. 1-! 
S-,4 \-

1,4 vi 
(; 7. ' ) 

-Z.3 

I I I 
I I 

I I I 
! 

I ' 
I i 

I I 

I I I 
I 

I I ' · I 

I i 
I I 
I ! 

I I 
I I 
I I I 

. I I 
I i 
i i 
I I 
I . i 
i I 
I I 
I I 

I I 
' 

i I 

I ' I 

! ! 

' i 
I I 
I I 
' ! ' 
I i 
I I 
I I 

I i 

' 

I 
I 

I 

-I) I c; 

Flow index F; = __ _ 
Liquid limit = 
Plastic limit = 

Plasticity index [p = 

10 15 20 25 30 40 50 60 80 100 

No. of blows, .\ ' 

Plastic Limit Deten11i11uti,111 

Can no . ft --;1. 2 A-1?- v -· 

Wt. of wet soil + can I /2./~ //, )7 
Wt. of dry soil + can //. 0 4- /{), J d-

Wt. of can - ~ ""l? 4. I., (_ 

Wt. of dry soil &, 1 (_ 5", 7J 
Wt. of moisture l.71 I,\~ 
Water content. tc¾ = 1c P 

,_ 
2& , .S 7.,, C, . .5 --

I C'. I -rc=c-r1",~ ,.....r-,",,,..," "''' 
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A TTERBERG LIMITS DETERMINATION 

Project /Ze-...r<J,.,,,,c..c: f/11,;,,-+ 
Location of Project p1..,,-, h j(..,·<.,o 

Job No. 

Boring No. 

f5S2\J8/-al 

Sample No. 5,-, ;/ 

Description of Soil -----------------------------

~ b '/ 12.> ~ Depth of Sample l.. - Tested By ---~-,,,;-~·'f-7-----

Lic11iicl Limit Octem1i11atio11 

Date __ ~.....,l?'-/-'-/-+/---'f-'-1 './''-, _ 

Can n·o. ht/<- /,;q<-

Wt. of wet soil + can JJ35 /1.. .77 
Wt. of dry soil + can 7.F<' ~l,) 
Wt. of can 4.1.J? ef-. 1.,} 

Wt. of dry soil S--~7 f. Cj {, 

Wt. of moisture 3 ~? 3. r'"\. 
Water content. u:% 7/,~ 71, J 
No . of blows .. \' -Zg '2--8 

I 

I I I 
..._o I I I I I 
o· 
:) : .I i I 
c I I I I I I I 

c, 
C 
0 
u 

I I I I I 
I ' ! I I I 

.... 
Cl) 

I ; 1 I I ' 
113 

~ 
I I 
' I I 
I 
I 

10 15 20 25 30 40 50 60 80 100 

No. of blows, .\' 

Plastic Limit Oeter111inc1tio11 -
Can no. A-1-1 ~,Jr 
Wt. of wet soil + can 9,. r-1.- /?,O; 
Wt. of dry soil + can {117- c-;.~99 
Wt. of can 4. 2Cj 4-. 3) 
Wt. of d,y soil 5? '!> !)-. C. ? 
Wt. of moisture /, ~ D 2. I 2J 

Water content. re% = 1c,, ( ~ (c 1:,7, 0 
~ . 

J & L TESTING COMPANY 

~ I 
2. z._ /_ 2....-

180, 5 
~ 

I 

Flow index F, =--­

Liquid limit=~ 

Plast ic limit = ~ 
Plasticity index Ip= ..3 __ 

- · 

]9./ 
/1-!,v 
k.Cf 

2C/. 0 

. 
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ATTERBERG LIMITS DETERMINATION 

Project --~l&_e::~J~~-V-"'-=C~C:~ ..... ,-1~,,-,cM~· -'-r ___ Job No. ---=8=c........='S=---B._o_S_t_-_u_\ _____ _ 
Location of Project ___ P._,_.;_/l_. ____ _ Boring No. "T"'c.- 2.. S--1 !. Sample No. ___ _ 

Description of Soil ------ -------,-,---------------­

Tested By --T~--'--~.J.~'------Depth of Sample _4_-s:_-_4_~_1/1.. __ 

Liq11ic/ L imit De te r111 i11<1tio11 

Can no . /:r'{/0 AT4-· 
Wt. of wet soil + can 13. -{b /1.81 
Wt. of dry soil + can /o , oo [ .95 
Wt. of can 4. l q 4. 3 J 
Wt. of dry soil S.7 /c 4-, l,t 
Wt. of moisture J. ~'.,, 2. 1 'l 
Water content, u:% &/8 b/ ~,. . 
No. of blows, .\' z. C) 2,0 

I I I I 
I I I I I 

~ 0 

= 
I I I I I I 

I : ! . I I i I ' 

C 
I I I I : I 

(!.) 

c 
0 
e 

I I I ! ! 
I I ! I i ' ... 

~ 
<'!l 

~ 

I ! I I· I I 

I I I I 
I I I I 
: I l I 

10 15 20 25 30 40 50 60 80 100 

No. of blows, .\· 

Plastic Limit Detem1i11atim1 

Can no : fr7'3 ~ l"T4t:i 
Wt. of wet soil + can I/. ;4' /D,J7 

I 

Wt. of dry so il + can 7, <1Cj % 2- > 
Wt. of can 9-,2,q...-- 4-. I. 'j 
Wt. of dry so il Si zs 4-,Cjf 
Wt. of moisture I& { I r4--
Water content. re% = 1c ,, :;/, t.J JI 7 

J & L TESTING COMPANY 

Date R' / )- I 3 y-·· 

D41-

-

Flow index F; =--­

Liqu id lim it = 
Plastic l im it = 

Plasticity- index / P = 

~o 
31 
2; 
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ATTEABERG LIMITS DETERMINATION 

Project Re...:c:.✓ -''<e /J?o,,_,,, r Job No. 8 ~ "13.. 0 8 1-~ 1 

Location of Project Put'Y-lo e·C,.,u Boring No . I~- L Sample No. S-1 <-
Description of Soil ----- --------- ---------------

Depth of Sample C.. Q - (:, O · S Tested By ----C/1.--· '--'} . ....:.~;..-( __ _ Date ---"~-+\ .;:,(-+\ .1-..f _< _ 

\ I 
I . . ll · . D ,l(/111( -1 1111 ( c tc r111 i11at11111 

Can no . /.J-71d I+, J <:. 

Wt. of wet so il + can / 3, ")? 151! f 
Wt. of dry so il + can //, o3 I l. 3 7 
Wt. of can °' 4. 1;F 4. 3 2,,, 

Wt. of dry so il 
"· 7 ( 

g', r:,( 
Wt. of moisture z.. 3( Z.rJ 
Water content , ci,% 34.2 34.1 
No . of blows. ,\' " {,, ~ t" 

2.,, ) 

I I r ' 
I I I I I 

~ 0 

:: 
I I I 

I I ! I I 

I I : i I I I 
_: 
C I I I I I I I I ' a, 

C 
0 
u 

i I I ' I I I 

l I I I I 
... 
0 

I I I· I I 

<ti 

~ 
I I . ! 
I I I 
: I I I 

10 15 20 25 30 '40 50 60 80 100 

No. of blows •. \ ' 

Pla stic Li111it Dcte r111irwtic1r1 

Can no. ;:r-1 I 7 ft12 b 

Wt. of wet soil + can I(). gCj / "2, ov 
Wt. of dry so il + can 1,· ~) /0 . 80 
Wt. of can ti.. 1..! 4. z,] 

Wt. of dry soil .S-. r'7 fn.(7 
Wt. of mo isture /, 0 f /, l.- )..., 

Wate r c on tent. re% = re,. It, 7 It, ( ' l 

J & L TESTING COMPANY 

1) < 7 

Flow index F; - __ _ 

Liquid l imit = 

Plast ic lim it = 

Plast icity index I,. = 

--

-

3.S­
!j 
!lo 
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ATTERBERG LIMITS DETERMINATION 

Project __ __,.@,._~_.J"--C..O_'-'_,,_o_•_J./l.__:~-;_:_M_:_ ______ Job No. __ S_~_i<.= __ , :.::_:i<.._' ._:_/ _-_:~::...;f~------

Location of Pro ject ---'--P,-',_/2--'-. _____ Boring No. Tr3,-I Sample No. 

Description of Soil ___________________________ _ 

Depth of Sample __ 9_._-....:1_:~~•/-=L=--- ·-j~l TesteQ-6y __ 7_ 7 _______ _ Date 8 /s--l.?S-

0 z.,4-Li1111id Limit Dt'lcr111 i1111ti1111 

Can n·o . 

Wt. of wet soil + can 

Wt. of dry soil + can 

Wt. ot can 

Wt. of dry so il 

Wt. of moisture 

Water content. 1L.·% 

No . of blows . .\' 

..: 
C 
;: 
C 
0 
u .... 
Q) 

<1l 

3: 

I 

A-1// 
/ 5:5'i3 
/!, 08 

th 1. 1 
?, 71 
f. r--o 

iP&?. 3 

-z:4 

I 

l I 

! i 

I 

:.. I I 
I 

I I 

i I 

I I 
I 
I 

I 

I 

: 

;CJ; Z; 
/(, , )2..-

/ / (,) 
ef. i.9 

7 Jl 
4-,1 7 
ll. V 

(. ~ 

I I I 
I I I I 

I I I I I 

I i • i I 
I I ! I I 

I I I ! I 
I ' i 

i I 
I l I ' 

I i I I 
I I I 

10 1~ 20 25 30 40 so 60 80 100 

No. of blows,.\' 

-
Plast ic Limit Determi1wtio11 

Can no. _ ,/;){ l. /J-1 ;q 
Wt. of wet soil + can /0 , 1 8 J/ & > 
Wt. of dry so il + can q 3~ /6 . 03 

Wt. of can 4. ·2 j J,, l ,f 

Wt. of dry soil 5 0~ .), 1 r 
Wt. of moisture /. 1 v /. ' " 
Water content. it: % = it:,. zt{. () Z 7 J 

J & L TESTING . COMPANY 

~ 

Flow index F 1 =--­

Liquid limit = 
Plastic limit = 

Plastic ity index IP = 

' 

• 
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ATTERBERG LIMITS DETERMINATION 

Project ~ f..11 ~ i-e-i Job No. 8.S- (?~<-.'/-~I 

Location of Project /3,,t',,..J.:. ~u.i Boring No. 113 - / Sample No. .S-5' 
Description of Soil ____________ {__jp..,.,.,_·,-;-,,,_-_ ~------------

Depth of Sample 2 I.}-- C! -1 Tested By --~--D+------ Date (() /-:;,/tr' 
Lictriid Limit Dl'lem1i1111tio11 // 

Can no. 

Wt. of wet soil + can 

Wt. of dry soil + can 

Wt. of can 

Wt. of dry soil 

Wt. of moisture 

Water content, 1c% 

No . of blows . .\' 

C: 
QJ 

C: 
0 
<.J 

I 
I 
I 

/i14-G 

/2,'i'"l.., 

7, /{_ 
f.1-l 

t{.f'E 

3, '1 l 

7> 
-25 

I 
I 

I 
I 

I 
I I 
I I 
I I I I 

I I 
I 

I 
I 
I 

I I 

I 
I 
I 

,At -Sf' 
/2, y--Cr 
9, ~ 2--,, 

4-. ~ J 
f . 7/ 
1<'\/ 
74. 7 

"l~ 

I I I I 
I I ! I 

I I ! I I 
I I . ! ! 

I ' i I ! ! I I 

I I i I I I 

I 

! I I I t I i ' 
I ,. l I ! 
! I ! - I 

I I i i 

I I I I 
10 15 20 25 30 40 50 60 80 100 

No. of blows, .\' 

Plastic Limit Deter111i1tatic111 

Can no. k-14, m14-
Wt. of wet soil + can 11, o7 /( C / . 
Wt. of dry soil + can 9, 4 "J r: > 'i 
Wt. of can 4-dl ¢, '2/7 
Wt. of dry soil ..), /1..,· .>, ;:) 'j 
Wt. of moisture /. 'J /. b J 
Water content, 1c% = 1c,, 3 t . 0 'JL,, 

J & L TESTING COMPANY 

Dz. z._, 

/77,~ 

14 . .o, -i, 

Flow index F; =--­

Liquid limit = 7 ~ 
Plastic limit = '3 1, 

Plasticity index / P = __!j_;}_ 

• 

: 

-

i 

-s9. 7 
/ 

, 
/oo . .) 

3 7. J 
3 7.J 



ATTERBERG LIMITS DETERMINATION 

Project ___ I«~<_,.. __,c...r 0<.J_/i_<-_;;C __ l-/l__,<::,,=--1r1-'-·,,,.-___ Job No. __ 3 __ ')°_<'_:-_'-.)--'-~-l_-_sJ_I _____ _ 
/?~_I/~ ./1 . 

Location ot Project __ //_1.,,...,._.-_r ___ ,_C-u.a ___ Boring No. 1 C- I Sample No. S-t"L. Tv~C 

Description ot Soil ------------------·---------

Depth ot Sample ...-i., I 'r- - ] "3 , '3 Tested By ----,7_,,__· •~/,~.y'_'_ 
Liquid Limit Deter111i,wti1111 .J.- + 

Date __ t'i~/_(~U_·,,,_ 

Can rio . 

Wt. ot wet soil + can 

Wt. of dry soil + can 

Wt. of can 

Wt. of dry soil 

Wt. of moisture 

Water content, te¾ 

No . of blows . .\" 

C 

.:! 
C 
0 
CJ I 

/f-TI ~ 

/3, 4-7 
9~1 
4. ?. ; 

.5-. 4-/ 
3 7Z 
7D, 0 

-;ro 

I 

i I 
I 
I 

I : 
! I 

I 

! I 

I I 

I I 
I 

I 

I 

: 

£rrz 7 
/3,11 
Ci, 9 (_ 

4 .1 "2..--

. ~(p(f-

·1.9J 
(:,Cj 7 
I~ 

I I 
I I 

i I I 
i . I 
I ' i 

I 

I I 
~ I 

I I I 
i I 

I I I I 

I. I 
10 15 20 25 30 ,40 50 60 80 100 

No. of blows. ,v 

Plastic Limit Determi11ation / ·f 
I , 

Can no . Arr, lirrr-
Wt. ot wet soil + can /0, 71 ID•~ I 
Wt. of dry so il + can Cf, 0) <f.rf 
Wt. of can 6. J 2., 4-. >-7 
Wt. of dry soil ~. 7 / 4. & v 
Wt. of moisture /, <» J /, ''"\.,,, 
Water content, tL·¾ = u:,. ~ (. 7 1 :(. L, 

LJ & L TESTING COMPANY 

DS-

I 7';"_ I 
I tl--0, <--

5 7. e 
/02,. f 
]4 , 

3<' 

Flow index F 1 =--­

Liqu id limit = 
Plastic limit = 

Plasticity index I,.= 
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ATTERBERG LIMITS DETERMINATION 

Project ___ Ru~=--=O;....cV_l".....:,Cc..,ee;.__;./J__;____;O,c..:,_.M.c..:......,:-r ___ Job No. ___ _,B-..L..:::5:..._.c:L-c.-....;\ -";~_ ; -_Q.,.._)...__ ___ _ 

Location of Project ---=-/?....:.'....:/l....;;;_:.....• _____ Boring No . -°'-~-----='-- Sample No. ..S- 1 3 
Description of Soil ___________________________ _ 

Depth of Sample ~ 3.. ~ - ~ 4. ~ Tested By ---Y....,,_.,(......,7.,....)1 __ _ Date __ -8_/_'{'-=/'-~-· _,-_· _ 

D4l' Uq11id Li111it Dctern1i1wti(l11 

Can no. IJ-7 7 At37 
Wt. of wet soil + can /) (p.:) /t.o?--
Wt. of dry soil + can f. 93 /I cJ "2-
Wt. of can 4. l, f.o 4-. JI 
Wt. of dry soil S, "l 7 II 
Wt. of moisture 3. L] 4, " C> 

Water content. u:% bd. 7 &t;-. 7 
No. of blows, S -2 "2,..- 2.. 2,..., 

I I I I 

I I I I 
I 

I i i I 

I : I i 

I I I I i I 

I I i I I 
a I I I I I I 

I I I I I 

I I - i I 
I I I 
I I I I 

10 15 20 25 30 <lO SO 60 80 100 

No. of blows, .\' 

Plastic Li111it Deter111i1wtior1 

Can no. r9T3 A--ft/7 
Wt. of wet soil + can t /o.o< 12,<t-r" 
Wt. of dry soil + can f '-1 /0 . <1" 
Wt. of can - 4.J.:) if.-. lb 

Wt. of dry soil 4,3 7 ~- l- ~ 
Wt. of moisture /. ~ t /. 'i 7 
Water content. 1t·% = 1c,, J/. ~ J z. I 

.1 -~ L TESTING COMPANY 

Flow index F; ---­

Liquid limit - C, tf.­
Plastic limit = 3 2-­

- -:l z,. 
Plasticity iridex / P = -..:.;;,;;___ 
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ATTERBERG LIMITS DETERMINATION 

Project _ fZe J O ,un; ,,.._4 eft/?!_-!. _ _ __ Job No. ___ _8 ~ _/S_C2_f I ,.. c. I 

Location of Project ~ rf"-lu fZ,,. c.-0 Boring No. TB-/ Sample No. u-14 
Description of Soil 1-4 ., ht..., /?Iv,---;,:_ C 17 
Depth of Sample 4 0 - 4 l i- 1 

Tested By __ /....,,.54....,_,_' -_·· ___ _ Date __ i~)::,~-/_t_~_ 
Liquid Limit Determi11atic111 

Can no. M3s AT .-v 
~ ' 

Wt. of wet soil + can z_o,(v /!,'I? 
Wt. of dry soil + can /4. IC, 17. q4,, 
Wt. of can 1./-, 1) 4. i.y 
Wt. of dry soil qt f ?. bfc. 
Wt. of moisture &. ~) S51 
Water content. u:% 04 .. I &4. O 
No. of blows, N zs- --"2,~ 

I 
I 

I 
I 

:::!! 0 

3 
I 

: 
I 
I 

I 
I 

I 
I 
I 

I 

I 

: 
10 15 20 25 30 40 50 60 80 100 

No. of blows, N 

Plustic Limit Determi11atio11 

Can no. P-T le I '11 '- t 
Wt. of wet soil + can 14.16' IS-, 2.. 7 
Wt. of dry soil + can 

/( I \6 /7.,fJ 
Wt. of can 4, )1.,. 4-,1,y 
Wt. of dry soil r. z<- rs z..,,, 
Wt. of moisture 2, 'f 0 2. 4-'l 
Water content. u:% = 1c P zq_ I 29./ 

~ 

Flow index F, =--­

Liquid limit = 
Plastic limit = 

Plasticity index IP = 

·- · 
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ATTERBERG LIMITS DETERMINATION 

Project ~ ..( 0 ..., r't ~ ;./) i,.,, ..-t· Job No. __ S'_~_B_'-)___.;:_~_/ _-_()___,_/ _____ _ 

Location of Project __ R~tt~r!'~""-h __ £.._i:...::> ___ Boring· No . 1'3-1 Sample No. 

Description of Soil --------------------------,-----
-, '/ '- '/4 / N f 11 jt -Depth of Sample ':) '° l.-- -"l 7 <l. Tested By ---c"'"7'-r--~0_,·· · • __ / ____ Date __ .,_/1__.~ __ J __ ~· 

u,,tt id Li Ill ii Dt'le rm i11<1 tioll 

Can rio. 

Wt. of wet soil + can 

Wt. of dry soil + can 

Wt. of can 

Wt. of dry so il 

Wt. of moisture 

Water content. u:% 

No . of blows, .\' 

~ 0 

C 
0 

C 
0 
u 

/r!l5 
/?., 71 
c;, 7 'i 
t, 1_.;(, 

~f3 
J, 1- 0 

S7. 7 
/B 

I 
I 

I I 

! I 

I 

i : 
I 
I 

I I 

l I 

I 
I 
I 

I 
I 

I 
I 
I 

A-r'13 
le . q 3 

c;, 73 
4. 'l.,4- ~ 

s. 41 
..3., '2. 'i) 

5-g_J 
18 

I I ! I I 
I I I I I 
I I I I I I 

I ! . I I I I 
I 

i : ! I ! 
! I I I I I I 
! ! ' I I I ' I 

I I I· ! I 
I i : I ! 

I I I ·1 I I : 

I I I I I 
10 15 20 25 30 40 50 60 80 100 

No. of blows. S 

Plastic Limit Dt:rerm i11atio 11 
' 

Can no . >f/~ (a /:>. 1 ,;: 2 

Wt. of wet so il + can 
,._ 

// 76 J/,u7 
Wt. of dry soil + can q ~/1 c;; 77 

I 

Wt. of can 4--. ii 4, l.- l 
Wt. of dry soil S", o.f' .s. ~3 
Wt. of moisture /, 7 '- /,c; / 
Water conten t. n·% = tc P 3 4- f 3 4. 5' 

J & L TESTING COMPANY 

D17 

<-09. 
/ 70. & 

'39. 4-
I ]l 2--

"> g, <., 

29. </ 

Flow index F; =--­

Liquid limit = 

Plastic l im it = 

Plastic ity index / p = 

' 

·~· 

i 
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PRESSURE IN TONS PER SQ. FT . 

DESCRIPTION OF 
SPECIMEN: CONSOLIDATION TEST 

Cy\ieu ?(_ l\ o/tJ ~O· \ lO 

Cc~ C· \\O ~ ( \4--\. \<)4--F) 

CONSOLIDATION PROPERrlES TEST SPECIMEN PROPERTIES INITIAL FINAL 
COMPRESSION INDEX (UNIT STRAIN) WATER CONTENT , % 3 7, ) · 3S. 0 

RECOMPRESSION INDEX (UNIT STRAIN) VOID RATIO 0,172.> 
SWELLING INDEX 

. PRECONSOLIDATION STRESS, tsf 

SATURATION, % 

SAMPLE HEIGHT, in. 
9.J. 2..-

0.7S-
99. ? 

o, 7oS' I 

~ <D· Z.3> I 
~t\..--= (D .. Ol'2. ( 1. \04c>)-=0·0'2 ~ 

EXISTING OVERBURDEN STRESS, !sf UNIT DRY WEIGHT, pcf R 2.l,. gp.o 
SAMPLE DIAMETER, in 

. W'l4tS4' 
TESTED BY:1, CHKD BY: 

t------,--------t-------+----------~~------------------+-----1-:...=-I Q...:_U_l ..:..D-=L:.:.I_M_I_T...!,_
0

!._o _______ ~----L.~==---~,,_ ____ <......;,,,:...:..· .... · .:..;,,_' __ _j... ________ -'I 

PLASTIC LIMIT, % ~ "2'.., DATE: r/ / 
t------i-------+------+----------1!1--F-R_O_tv_l _V_O_L_U_M_E_T_·_R_I C_S_T_R_A_I N-----1-----1-S-P_E_C_I F_I_C_G_R_A_V_l!._T_Y--------1~----Z.::_~ --, -0----1 cf', // I r' JOB. No . 

. JJ S-JJ i'=-
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Sheet I of 
CONSOLIDATION TEST 

project ____ /i_u_·,,_ . __ )_.;_/l'_r.:____:_~_/,_;_1_
1

....:.._:,::...:,r;_-_· ____ _ Job No. __ S_/_{,_-.)_?_.· '-/-~ _~_) __ _ 

Location ____ P._ ..... _~_,,_~ ___ ;-C=--'-'- ' , _ _____ _ Boring No. Tf3-/ Sample No. S-9 
Description of Soi I -~/,_:/_, ..... ! _j_7-1-_/?_/._"""_._;,_---'( __ ;_·~-J:t-- Depth of Sample _ ___;;;;2....:../_ • ...::.S"_-_2_3--. J=---

Tested By ----p-7'>~'-'-7'J;;---· __________ _ 

Consolidometer type ____ h--'-1/-'..:>=-,:::--l-,_:_,..:.J-+,------

Date of Testing ___ f;.,,._1_,,f--7.:../_;'....;J::....,,,, ___ _ 

Ring no. ___ ....:--3=---------

Multiplication ratio of load device __________________________ _ 

Ringdimensions : Diam. -Z.S-o,·,..~ Area.A 11.l:,~':)1.. c:,......_"'\.. 
(p. ~ S" 19-.. 

Initial ht. of soil . H, l · 9 w S" c>--.. "" 0 .l r- , ;___ r-------------------, 
Specific gravity of soil, C, = ___ 2._._l--~-'---

Wt. of ring+ specimen 
at beginning of test 

Wt. of ring = ____ (p----Q...1..J_. _-J__:_c;_r' 

Wt. of wet soil. W, 
O~a= //3.Z fd­

Computed dry weight 
of soil. w· 

/ ,Y I . ::'Ci r 

\\later content determination 

Wt. of can+ wet soil 

Wt. of can + dry soil = ___ ..:..1 _4_u_. -'l.,=--

Wt.of can D '2.... \...-

Wt. of water 

Wt. of dry soil 
'(d _: ¥i,(...~_( 

Oven dry wt. of soil," W, B v -::, ~-•. .r 17 / Initial water content w; = _____ . __ _ 

8-:>: -> / 
Computed Ht. of solidsh Ho = W,/G,A = ___ /_ ·7_._,_7_4.__ ...... (_,1.'-'-1-'-. ...c.(,.....c'0:..:9;....;2.::..L.) __ ~_o__;.~9~0_.'f--4--'-------

lnitial Ht. of voids, H., = Hi - Ho= l .']u~ - b .9 .:)~c:;.. o . c:,q;1 l. 
(. 9 . .) / 

lnitialdegreeofsaturation.S 1 =(W,-W,j/(H,-H11 )A= / ( O.'J g> 9<. l(11 <-l.9LJ ,... ~3. l... 

Initial void ratio en= H.,IH11 = 
Q . 0 9 S' ..,... _/ 0 ~ <C"<l.--

: ' ., 0;;) . I. I o4 ~ 

Final Test Data (obtained at end of load testing) 

Initial dial reading <'.Lo~ ~ :) 

Final dial reading _____ o_. _o_a_J._;3=-•--

C han ge in sam pie ht. _A:.....:...._-= __ u:::...:.. -=O--4_a__::<:J __ 

Final ht. of voids, H
01 
__________ _ 

Final void ratio . e1 = H 01 / H0 _ ___,,0-=-=-· 
0
.;...1 -1-J_· -"g'.--"~::...._ __ 
'I 

•Obtained from Final Test Oat~ below. 
•1111 appears that any soil is lost from sample. use \V; 

Final water content determination 

Final wet Wt. + ring' ------7-+-'I __ S"".:....._:::>_ 

Final dry wt. + ring _ ______ &_6_7.;___. _.::>_ 

y,·,,_ t ~ !&,.::JJ""lr 
Oven dry wt. of soil. w, Bo. u 1 r" w<.,~., Ir :- "2.. r . V 

Final water content, u;1 ___ __;3:::.......~-'-• .=O:____ 

Final degree of sat. S ~ ___ ....,_lc._:_0_0=--__ % 

' Be sure to include any sot! extruded from ring which 1s in consol1dome1er. 
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Sheet of 

CONSOLIDATION TEST 
~ - 1 

__. ') ( I 1-

Project ---~_;;;fcc.__c_..r_o_J_l"c.c-__ //1_'1_0-'--n-,-. _I ____ _ Job No. _ _;;6'=----::S"----=e:;_-_a_J_.' ,_I _-_o_l __ _ 

Location ____ ,Pi,_'-1-'--,.,_,,_-f'O_' __ _;/_~=-><'-<.,<)=-· =------- Boring No. -rB- -z._ Sample No. S-/ I 

Depth of Sample __ J_(,,_,_':,"'_-__ S~;?'_. _S_ 

Date of Testing --~5=-s,,-/~z .... /4~6~· ~~~--
Description of Soil ~l-_/)~"~~-L.,_d __ S_:_i, _\...,+, _c_(_~=~. __ _ 

Tested By _______ Q...,,.,,;1'-'---,,c..J/ _________ _ 

p· 2~-h,,.\ 
Consolidometer type ___ __,_t::...}_ ____ --1--,------ Ring no. ___ / ________ _ 

-Multiplication ratio of load device __________________________ _ 

Ring di?nensions: Diam. Z. 0 Area, A ______________ _ Ht. 0. 7 L 
() 7 5 -rv j,p O <-{ j "-/ /!,,,{.,; u ;'/ r.;/ 

Initial ht. of soil, H, ___ • ,_________ ,--------------·----------, 

Specific gravity of soil, G, = '2. 7 L 
Wt. of ring+ specimen 
at beginning of test = _______ _ 

Wt. of ring 

Wt. of wet soil, W, 

Computed dry weight 
of soil, w; 

Oven dry wt. of soil,'' w; = _______ _ 

Water content determination 

Wt. of can + wet soi I 

/6/5 Wt. of can+ dry soil 

Wt. of can D I/ 3 9, ,:) 
=--------

Wt. of water st, 7 

Wt. of dry soil 12-z, J 

Initial water content u:i = ___ $_)_._{, ___ _ 

Computed Ht. of solidsh H0 = W,/G,A = -------=------------------

-~ ~ ~ c,.. ,_:,· ·7\ SI1Jt1.tCn Initial Ht. of voids, H,, = H; - Ho ----------""--~~.£...:._..:_ _____ ::..µ--=-:c.._-'--_;:_--'-----

lnitial degree of saturation, S1 = ( W, - W,) / ( Hi - H,. )A=------------------

Initial void ratio e. = H,,/Ho = 

Final Test Data (obtained at end or ;oad testing) 

Initial dial reading __________ _ Final water content determination 

Final dial reading ___________ _ Final wet Wt.+ ring' _________ _ 

Change in sample ht. _________ _ Final dry wt.+ ring~----------

Final ht. of voids, H
01 
__________ _ Oven dry wt. of soil, W, ________ _ 

Final void ratio, e1 = H0dH11 -------- Final water content, u:
1 
________ _ 

•Obtained from Final Test Data below. 
Fi51al degree of sat. S _________ % 

•111t appears that any soil is lost from sample. use w;. 
'Be sure to include any soil extruded from ring which Is in consolidometer. 

-:Sany;le -iZ ~ _?c)"' j(" ..I d.5 

/t...J 6(: o'"" f- '-1 I ,,. .::>!.,I,,. cl 

/ i ,.J.:....:.... c r rrl.A d r A 

v/",,1 ),,.,-,_,/ rT'• let', .J/ 
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DESCRIPTION 
SPECIMEN= 
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CONSOLIDATION TEST 

Project _ _ _ __;_0-=.:e::..:_,=--·-_-::._../_/<_<_<_,_,,:_✓,_'/---=·<.,,:..:.·· _,r,_· ·:..._,,.-_· _· ____ _ Job No. _-0Bc.__:c~_e_0_J'_/-_o....:....; __ _ 

Location ----'X'--u---'t'_l'_J.u ___ ~=-'----=· c..--u=--='-------- Boring No. F 2.... Sample No. D'-' c./._,c ..t 

Descri pt1on of Soil _ .,_;J_, +J---'/2_i--/.7---'(,_71.c.c.~~.J.,!....:,'--_;C::....:..:/~~'/'---- Depth of Sample ___ Z_S-_2-___ _ 

Tested By _______ l)/ __ ..... '-~~'' j,+-. _______ _ 
(, -' /. 

Date of Testing __ ..... f-'-'./r-j_::~=-J1'--j"-_.1.C __ _ 

Co nso Ii domete r type ____ ., __ ~Jt:--.:./._,,,)~.s==----+7..:....:..;;~::...;",__ ___ _ 
I Ring no. ----=_]==----------

Multiplication ratio of load device-:---------------------------­
C,, 3 '{' e,-,,... o. 7 r ,·,... 

Ring dimensions: Diam. 2. S-o ,·,,..., 

Initial ht. of soil. H , __ _;_/._. --'-9_o_::>_-_(_,....._ ___ _ 

Specific gravity of soil. C, = ___ z_._,J'---'-'1 __ _ 

Wt. of ring+ specimen 
at beginning of test 7 l). S' 'jl 

Wt. of ring = ___ G_o_b_. ~-~y:.:...;_ 
Wt. of wet soil. W, //9.071' 

Ht. /. 'j 0S'° C ,.,,,..,_ 

Water content determination (,rz,,.,.,;..., i" J. 

Wt. of can+ wet soil zoz. 4-

1-7?, ,✓ 
Wt. of can+ dry soil = ___ __._ _ _,_"---'--

Wt. of can 'DI 2- 3f. 2..--

Wt. of water 
Computed dry weight 
of soil.\\" IF Gl. 7r Wt. of dry soil / 4- O · 3 

(d_ = /Dl. O __ __pc/-
Oven dry wt. of soil," W, 9 8 · 7 Cf' Initial water content u:; = 2 0, (.. 

rc-..u.-- -= _./?:~. 9. ·-/Jcl- .__ _________________ __J 

ComputedHt.ofsolidshH.,=W,/C,A= Cj<!C-~/Z-77(V(,''fl...) -=- /.//{,(_ 

lnitialHt.ofvoids.H
0
=Hi-Ho= /. 9o)- /.1/(,.r_ ::. O.J~tf-

(1 l C\,0- 9 (, :.. ~ _l -

lnitialdegreeofsaturation. S1 = (W,-W,)/(Hi-HulA= ( 0.]f¥4- : C> 1 1..q~J 8/.5 

lniti~I vo id ratio e0 = H0/H11 = __ O_. 7.:_8::........::...? 4--:
7
f-/--'/~, !...:./ 1....:.1,_r,.. __ -=-_-=-O 7 Cb O 7 

Final Test Data (obtained at end of load testing) 

Initial dial reading _____ 0_._0_u_O_U __ _ 

o. oc; 07.r 
Final dial reading --------=------

Change in sample ht. ___ 0_ . .cc...tJ_9L-=,0_,7_-_( __ 

0, 5:5'7/ .r, -Final ht. of voids, H 01 ------==--~---"'~..._ __ _ 

0,4c::<i- / Final void rat io . e1 = H01 /H0 _cc.,____:__,I_J.,___ __ _ 

Final water content determination 

Final we_t Wt.+ ring' ------7+--,.,z._:..._'2_. }-+--
Final dry wt.+ ring ______ 7_0_~_._L,., _ _,<;_..-

y ,-.... 'if c:,o<.. 5' .,,,.. 

Oven dry wt. of soil. W, _____ ....:.'?_( ___ • .,_7__:_'i_<' 
t-,.);-• ✓ /t . 7 c1 r 

Final water content, u:, _____ _.!_7._ . ...,.5 __ 1 .. 
~le... -== 

•Obtained from Final Test Data below. Final degree of sat. S ---~/'--O_D __ ---,;,;-% 

•11 ,t appears tha t any so,1 ,s lost from sample. use w; . 
·Be sure to include any soil extruded from ring which 1s in consolidometer. 
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